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PREFACE 



This book is an attempt to put in concise form the essential infor- 
mation concerning the Mid-Continent oil and gas fields. The material 
has been derived from many sources. The various publications of the 
United State Geological Survey and those of State Surveys of Kansas, 
Oklahoma and Texas have been used extensively. In general, references 
have been made to publications where any important material has been 
taken from them, but it has been impossible to give credit for all the 
small items gathered from various sources or for those obtained as a 
result of the writer's associations with other geologists and oil-field 
workers. 

Special sections have been prepared by S. E. Murphy, L, H. Pasewalk, 
F. W. Reeves, W. C. Bean, L. W. Kesler, F. L. Aurin and E. P. Hindes of 
the Empire Companies; by C. Max Bauer of Okmulgee, Okla., and by 
F. B. Plummer, Geologist for the Roxana Petroleum Company. These 
articles are given under the names of their respective authors. 

In addition to those named above, the writer wishes to express his 
thanks to Everett Carpenter, A. W. McCoy, Geo. E. Burton, W. R. Berger 
and E. W. Scudder of the Geological Department of the Empire Gas &. 
Fuel Company and to R. B. Lloyd, Chief of the Scouting Department 
of the same company, for their interest and assistance in the preparation 
of the book. 

The Keulfel and Esser Company, the Oil Well Supply Company and 
the Bausch and Lomb Optical Company have loaned cuts for illustrations. 

L. C. SNIDER. 
Bartlesville, Oklahoma. 
June 1, 1919. 
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Oil and Gas in the Mid- 
Continent Fields 



ELEMENTS OF GEOLOGY. 

NATURE AND MODE OF FORMATION OF ROCKS. 

Rocks are divided into three great classes — igneous, sedimen- 
tary, and metamorphic. The igneous rocks are those which were 
formed by the action of heat (igrus, Latin for fire) . They have cooled 
into their present form from a liquid or molten condition. The 
igneous rocks are generally hard and crystalline and do not, as a rule, 
occur in layers or beds. There are very many types of igneous rocks 
of widely varying appearance and texture, but granite is probably 
the most common and beat known variety. 

It is the prevailing type of igneous rock in Oklahoma, where 
it occurs in the Arbuckle and Wichita mountains and in a small 
area in Mayes county. In Kansas granite is known only from well 
records in the central part of the state. Granite and related igneous 
rocks form the central part of the Llano-Burnett mountains in 
central Texas. There are large areas of igneous rocks in trans- 
Pecos Texas and small scattered bodies in south-central Texas. 

Although very important in the study of geology as a whole, 
the igneous rocks occupy relatively very small areas in the states 
under consideration. They are also unimportant in connection with 
the study of oil and gas, for, with some minor exceptions, commer- 
cial deposits of these substances have not been found in igneous 
rocks. For these reasons, these rocks will receive no further notice. 

The sedimentary rocks — as is indicated by their name — are 
those which were deposited as sediments in water. We know that 
ages ago all the territory now included in the Mid-ccntinent fields 
was covered by the ocean for vast periods of time. Gravel, sand 
and soil were washed down by the rivers from ■ the surrounding 
land and deposited as layers of sediment on the ocean bottom. These 
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2 Oil and Gas in the Mid-Continent Fields. ■ 

sediments in many places were piled up to thicknesses of thousands 
of feet before the ocean was finally withdrawn and the area became 
land. Since the rocks of practically all of Oklahoma are sedimentary 
and since all the oil and g&s occur in these rocks, an understanding 
of the method of their formation and their relations is important. 

The sedimentary jocks consist of shales or mud rock, sandstone, 
limestone, chert or ftiht, andicon^merate or pudding stone, named 
in the order of abundance. The conglomerates, sandstones, and 
shales were formed by the gravel, sand, and mud respectively which 
were washed down from the surrounding land into the ancient ocean 
and settled to the bottom. The limestone was built up principally 
of the shells of sea animals. When the animals died these shells 
sank to the bottom and 'accumulated there. For the most part the 
shells were partially dissolved and were ground up by the wave ac- 
tion into a lime mud which preserved no trace of the shell structure. 
In many cases, however, the shells were preserved entire and some 
cf the limestones of these states are largely made up of well-pre- 
served fossil shells. Fossil shells are also found in shale, and the 
shells or their impressions in sandstones. The mode of origin of 
flint or chert is not definitely known. It is certainly formed by 
the action of water, but the exact method ia in dispute, and was 
probably different for different deposits. Other sedimentary rocks 
which were deposited under special conditions and which have a 
comparatively small distribution are gypsum, salt, and coal. 

It is easily seen that the gravel and sand, which now form the 
conglomerates and sandstones, would be deposited near shore or 
where there was sufficient action by waves or currents to carry the 
coarse materia] in suspension, while the finer particles of mud would 
be carried out farther and deposited in more quiet waters. Some 
lime from shells would be deposited with the gravel, sand, and mud, 
but the quantity would be so small in comparison with that of the 
other materials that it could scarcely be noticed. It would be only 
in clear, relatively quiet water that pure, or nearly pure, lime mud 
would be formed. 

From the way in which these different rocks are formed, it is 
evident that all three kinds of rock would be formed at the same 
tfme, that is, at the same time that gravel and sand were being de- 
posited near shore, clay mud would be deposited farther from 
shore where the waters were more quiet, and lime mud would be 
forming farther out in the quiet, clear water. This is shown in 
fig. 1. When the sea level is at AB, gravel is deposted near 
shore and sand from A to a. mud from a to b and lime mud from b 
to c. 

The different materials would naturally grade into each other 
laterally, that is, some fine sand would be deposited with the mud 
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Fig. 1.— DiHgnim 

and some mud and extremely fine sand with the lime mud. It is 
also evident that chan^ng conditions such as deepening of the 
water, elevation of the land, or a change in the direction of the ocean 
currents might cause a change in the nature or the distribution of 
sediments. Thus in fig. 2, when the water level was at ab gravel 
or sand would be deposited over the area etc, mud over cd, and lime 
mud over de. A change in level bringing the water level to AB, 
would cause sand to be deposited over AC, mud over CD, and lime 
mud over DE. We might thus have a layer of sand overlaid by a 
layer of mud or of lime mud, and mud overlaid by lime mud. A change 
of shore line in the opposite direction would deposit sand above 
mud, mud above lime mud, and lime mud farther out on the sea bot- 
tom. Any succession or number of successions of the three or any 
two of the three might be produced by varying conditions, 

A greater change in the level of the sea might cause a great 
area of the sea bottom to become land, and the layers of gravel, 
sand, mud, and lime mud would then become hardened by the pres- 
sure of the overlying layers and by chemical changes and would 
be cemented to form conglomerate, sandstone, shale or slate, or lime- 
stone respectively. 




Fip. 2. — DlncraBi illuKlrntlDg the effect of clinDge of sea level on the succession 
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Aa soon as the region became land the air and the water would 
begin their work of breaking down and carrying away the rock. 
While both agents are active the water is the more important. Run- 
ning water is the great agent for carrying rock material from the 
land surface. Water also assists in the removal of rock by dissolv- 
ing it and carrying it away in solution. The cementing material 
of sandstones is dissolved and the sandstone crumbles into sand 
which is easily washed away. This action would soon form hills 
and valleys so that a rough land surface would be developed. A 
^ further change in the sea level might bring this surface below the 
sea when it would again receive deposits as before. The earlier and 




Vig. S. — Dlagrain nhowlnx iiu uncoufonult.v 



later deposits would, however, be separated by a break or uneven 

surface — ^the old land surface. This condition is known as an ««- 

conformity, and is illustrated in fig. 3 where the irregular line 
represents an unconformity. 

STRUCTURE OF ROCKS. 

Frc-m the description of the mode of formation of the sedi- 
mentary rocks, it is apparent that the rocks would be deposited 
in a horizontal or level-lying portion or would be slightly inclined if 
deposited on a sloping sea bottom. It is seldom, however, that 
rocks which have been exposed as land for a long time remain in 
this level position. The earth is apparently growing smaller and 
this contraction causes wrinkles or folds to appear in the rocks of 
the surface in the same way that the skin of an apple becomes 
wrinkled as the apple dries up. These folds are not caused by 
pressure from beneath but from the sides. The method of their 
formation may be shown by grasping a number of sheets of card- 
board or heavy paper by the ends and then pressing the hands to- 
gether. A slight pressure will make only a simple bend in the paper 
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Kite. 4.— Diagmm lllustmtlii? ilip anil strike. 

SO that a portion of it is inclined to the rest. A 3tron£:er pressure 
will force the paper into a well developed fold — a trough or crest 
as the case may be — and a still stronger pressure may cause more 
than one fold to be formed. If the paper ia very stiff and the pres- 
sure sufficiently great some of the sheets may break and the broken 
ends be shoved past each other. 

As has been said, the rocks which form the surface of the earth 
have almost everywhere been subjected to this lateral pressure and 
have been more or leas folded, ao that they are not level-lying but 
have an inclination or slope away from the horizontal. This slope 
or inclination is called the dip. The line along which a bed comes to 
the surface is the outcrop and the general direction of the line 
at right angles to the dip ia the strike, (fig. 4). Where the aurface 
rocks dip in one direction for a long distance the structure is known 
as a monocline. When the dip changes in short distance, that is 
when the rocks are in folds, two forma of structure may result, an 
upfold or arch, known as an anticline and a downfold or trough, 
known as a syncline. (fig. 5). Both anticlines and synclines are 
usually much longer than they are wide but in some cases the length 
and breadth are about equal. An anticline of this sort is called a 
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dome and a syncline is called a basin or saucer-shaped structure. 
Any one of these types of folds may vary greatly in size — some 
folds are much less than a mile in length, while others are many 
miles in both lenf^th and width. The steepness of the dip also varies. 
In some cases the rocks are standing on edge or have been over- 
turned and in ethers the dip is so slight as not to be visible, so that 
the elevation of the ledge of rock at different places must be de- 
termined to find the direction and amount of the dip. 

In some localities where the folding is very sharp, or where the 
rocks are under a stretching force rather than a pressure, the rocks 
have been broken along seme lines and the rocks on the opposite 
sides of the break have moved upward or downward with reference 
to each other. In some cases the blocks have slipped laterally along 
the break as well as up or down. Such a break as this is called a 
/Ottit (fig. 6.) 



Fig. «.— l>iaj;i-aiH of a tault. 

So far as our knowledge goes at present, the structure cf the 
rocks is of prime importance in the accumulation of oil and gas and 
the meaning of the terms anticline, syncline, monocline, dome, and 
fault should be well understood by anyone interested in prospecting 
or in developing oil and gas fields. 

The origin of the present surface forms, the hills and valleys, 
can not be considered fully in this connection, but it may be said 
here that the surface features very seldom bear any definite rela- 
tion to the structure. The hills do not necessarily correspond to the 
anticlines nor the valleys to the synclines and a straight bluff does 
not usually indicate a fault, although it may do so. The presence 
of a fold is not shown by the elevation of the surface but solely 
by the dip of the rocks. This fact is well shown in figure 5. 

AGE OF ROCKS. 

Geologists divide the time included in the history of the earth 
into great eras, or periods of time, in which certain great events 
took place, in the same way that historians divide the history of the 
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United States into the era or period of discovery, era of colonization. 
Revolutionary era or period, and so on. In geology the great eras 
are established on the basis of the remains of life (fossils) found 
in the rocks which were formed during that era. The eras are 
divided into periods, generally on the basis of changes in the dis- 
tribution of land and water, which caused minor variations in the 
character and distribution of life forms. 

It has already been noted in the discussion of rocks and min- 
erals that there are two great classes of rocks, the igneous, or those 
which have cooled from a molten condition, and the sedimentary, 
or those which were deposited as sediments from water or from 
the atmosphere. The sedimentary rocks which were deposited in 
water usually contain the remains of living organisms which were 
buried in the sediments at the time they were deposited, and which 
remain in the rocks to tell us of the kind of beings which inhabited 
the earth at the time the rocks were formed. Any remains of life 
forms which are found buried in rocks are called fossils. Among 
these fossils the remains of the animals living in the sea are the 
most common, since most of our sedimentary rocks were deposited 
in the sea or arms of the sea. However, land animals were often 
buried in swamps, or their skeletons washed dov^n into the beds 
of streams and covered by saiid or gravel so that they have been 
preserved. Naturally, only the hard, parts of the animals are pre- 
served, and animal fossils consist almost entirely of the shells of sea 
animals and the teeth and bones of land animals. From a study of 
these hard parts the trained observer can determine the nature and 
many of the characteristics of the animal to which they belonged. 
The science dealing vrith the ancient life of the earth, that is, the 
study of fossils, is called paleontology. Plants are also often pre- 
served, the woody part being replaced by stone which preserves the 
original structure of the wood, or the impression of leaves, bark or 
stems remains in the sand or mud in which they were buried. 

In the early part of the earth's history the animal and plant life 
included only the more simple forms, and the more complex forms 
developed from the simpler forme with the passing of time. Con- 
sequently if the study of the fossils in certain rocks shows that only 
the simpler, ancestral forms of life are present, these rocks can 
safely be said to be older than other rocks which contain the remains 
of more highly developed forms of animal or plant life. Paleon- 
tology, then forms the principal basis for the division of the earth's 
history into eras. 

The great eras into which the earth's historj' is divided are a^t 
follows, beginning with the youngest : 

(5) The Cenozolc (recent life) ern. 

<4) Tlie Mesozolc (middle life) erji. 

(3) The Pnleozoic (early life) era. 

CJi The ProtercHioie (earlier lif?!. or Aleniikiiin ern. 

(1) The .XrpheoKole (nnelent life* or .\rclieiin 
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They are divided into periods as follows : 

9. Periods. 

Kecent f ^ 

Plelstoeefe {**""" 
Pliocene f 

OllgoccDe 
Eocene L 



(CretflceouB 
I^wer Ctetflceons i 
Jnrauic 
TrIaBsIc 

PeiDiInn 

PeuuBylvnulnn 

Mlsslssfpplnn 

Derouian 

^tlmian 

Ordovlclan 

Cainbi'lnn 



r CoiiiimcbeDii 



A I gunk hill 
Ai'clienii... 



I'rotei'ozole t 
ArclieoKolc o 

The divisions of the Archeozoic and Proterozoic apply to only 
small areas and are not important in Oklahoma, Kansas or Texas. 

The rocks deposited during each period of time are called a system 
of rocks, and the same name is applied to the system as to the 
period. For example, the Pennsylvanian system includes all the 
rocks which were deposited in the time included in the Pennsyl- 
vanian period. The names of the periods of the Paleozoic era are 
taken from places where the rock systems were first studied, or 
where they are well developed. The names Cambrian, Ordovician, 
and Silurian are taken from Wales; Devonian comes from Devon- 
shire, England; Mississippian and Pennsylvanian from the Missis- 
sippi river and the. state of Pennsylvania; and Permian from 
Perm, a province of Russia. The name Triassic comes from the 
three-fold division of these rocks in Germany where they were 
studied many years ago; Jurassic comes from the Jura Mountains 
in France and Switzerland, and Cretaceous from the Latin word 
"Creta" meaning chalk and refers to the famous "Chalk Cliffs" of 
England. The names of the periods of the Cenozcic era have ref- 
erence to the character of the fossils and the relative abundance 
of living species. 

To say that rocks are of Pennsylvanian age simply indicates 
that they are of the same age (were deposited at the same time) 
as the great coal-bearing series of rocks in Pennsylvania, or to say 
that they are of Cretaceous age indicates that they were deposited 
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at the same time as the rocks forming the great Chalk Cliffa of 
England. 

In the Mid-Continent fields (Kansas, Oklahoma, and Texas) the 
rocks range in age from Archeozoic or Proterozoic to Recent. All 
the systems of the Paleozoic, the Meaozoic, and the Cenozoic, are 
found, although some of them have only a very limited distribution 
and do not occur in the immediate vicinity of any of the oil fields. 

The systems of rocks are divided into smaller groups known as 
formations. A formation is defined as a mappable unit, that is a 
layer of rock or group of layers which extends entirely across the 
area under consideration and has sufficient width of outcrop to be 
mapped. Formations may consist of single ledges cr beds of rock 
but commonly are made up of two or more closely related beds. 

The separate beds are sometimes called members. Thus, the 
principal oil sands of the main oil and gas field of Kansas and Okla- 
homa 'may be considered as members of the Cherokee formation. 
The formations and members are usually named from the place 
where they are best developed or where they were first studied. The 
Pitkin limestone which outcrops east of Muskogee and Ft. Gibson 
is an example of a formation consisting of only one kind of rock. 
The Ft. Scott formation, known to the drillers as the Oswego, is 
usually called the Ft. Scott limestone, but really consists of two lime- 
stones separated by a shale. Formations may vary in thickness from 
a few feet to thousands of feet. Thus the Chattanooga shale in 
northeastern Oklahoma is not over 50 feet thick while the Arbuckle 
limestone in the Arbuckle Mountains is over 5,000 feet thick. For- 
mation names are a great convenience since they provide means of 
designating certain beds of rock without repeating extended descrip- 
tions. They are necessarily used extensively in the description of 
the geology of any region. 
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CHAPTER II. 



NATUKE, ORIGIN AND ACCUilULATION OF PBTROLKUM 
AND NATURAL GAS. 

NATURE OF PETROLEUM AND NATURAL GAS. 

Natural gas, petroleum, and asphalt or mineral parailin are all 
closely related substances forming the different phases of a series 
of chemical compounds composed of hydrogen and carbon. The 
simpler compounds of this series are gases while the more complex 
are liquids and solids. Neither gas, oil, nor asphalt are simple com- 
pounds but are mixtures of different members of this series of 
hydrocarbons. This condition is responsible for the large number 
of products obtained from petroleum since, in refining, the com- 
pounds can be separated from each other and as they form a contin- 
uous series almost any number of products can be made by separat- 
ing the petroleum into different fractions by distillation. 

As has been indicated, natural gas is a mixture of simpler mem- 
bers of the hydrocarbon series which are gaseous at ordinary temper- 
atures. Gas occurs in greater or less quantities with all petroleum. 
It is colorless, and has a slight odor. The heavier members of the 
gaseous hydrocarbons are very nearly related to the lighter members 
of the liquid ones and may be changed to liquids by pressure at 
low temperatures. This accounts for the manufacture of gasoline 
from natural gas which is becoming an important industry. The 
gas which is given off from oil wells, known as casing-head gas, is 
composed of the heavier gaseous hydrocarbons and is esiiecially 
adapted to the manufacture of gasoline. 

Petroleum is composed of the hydrocarbons that are liquid at 
ordinary temperatures and pressures and of the, hydrotarbons that 
are solid ordinarily but which are dissolve^ hi the liquid hydro- 
carbons. The physical properties of petroleum from different fields 
and even from different wells in the same field vary widely. Some 
oils are thin and contain considerable volatile constituents, while 
others are thick and viscous. In color the oils range from almost 
colorless through a variety of tints of brown and green to black. 
The Pennsylvania oils are mostly of an amber color, those of Okla- 
homa are generally datk green to black and those of California are 
generally dark reddish brown to black. The specific gravity ranges 
from 0.771 to 1.06 according to Redwood. That is, the weight of a 
given volume of oil varies from 0.771 to 1.06 times that of an equal 
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volume of pure water. In ^neral the lighter colored oils have the less 
specific gravity and produce, when refined, the greater amounts 
of burning oil and less of the heavy lubricating oils and residuum. 
The gravity of petroleum and its products is usually given in degrees 
of the Baume scale, which is an arbitrary scale. 

The proportion of the lighter oils, gasoline and kerosene, to the 
heavier oils which are fitted only for lubricating and fuel oils varies 
very widely. The nature of the base or solid hydrocarbons dissolved 
in Uie oil also varies. Oils are known as asphalt or parafiin-base oils 
according to which substance predominates in the base. Some oils 
contain either a pure parafiin or a pure asphalt base, but much 
more commonly the two substances occur in the same oil. The 
Pennsylvania, Lima-Indiana, and Mid-continent oils are principally 
paraffln-bas6 oils, while those of California and the Gulf Coast are 
mostly asphalt-base oils. , . , 

The properties and composition of the Mid-continent oils are 
considered more fully in the section on that subject. 

CONDITIONS OF OCCUBEENCB OF PETROLEUM AND NATURAL GAS. 
General Statement. 

All the known deposits of oil and gas occur in sedimentary 
rocks, and the majority of the occurrences are distant from areas 
of igneous rocks. Deposits of considerable size have been found in 
all sorts of sedimentary rocks but limestones and sandstones contain 
oil and gas miich more commonly than do shales. This is probably 
only because the limestones and sandstones are more open and 
porous and so offer an opportunity for the oil and gas to collect. 
So far as observations go it is in the pores and small spaces of the 
rocks that these substances occur and there are probably no "lakes" 
of oil — that is no large caverns filled with oil. The advantage of 
"shooting" oil wells depends on this fact. Often when a small quan- 
tity of oil is found in a well, drilling is stopped and a heavy charge 
of nitroglycerine is lowered to the bottom of the well and discharged 
there. This has the effect of shattering the rock and opening it up 
so that the oil can flow through more rapidly and greatly increases 
the production of the well. 

Almost invariably there is a layer of a tight, close-grained rock 
immediately above the porous rock. This is known as the cap rock. 

In the Mid-continent field the principal oil and gas pools are 
closely related to the presence of certain structures, notably the 
anticlines and monoclines. It cannot be saiol that all the developed 
fields are on anticlines or that every anticline contains oil and gas 
in sufficient quantity to pay for drilling. In some of the developed 
fields the structure is so gentle that it can be determined only by 
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extremely careful detailed work so that the relation of the accumu- 
lation to the structure cannot yet be definitely stated. 

In some regions, in Mexico for example, the occurrence of oil 
seeps or springs seems to be definitely related to the presence of 
large bodies of oil beneath the surface. Oil seeps of this kind, how- 
ever, are rare in the Mid-continent fields and only a few of the pools 
had surface showings of oil or gas. All the important deposits of 
oil and gas occur in rocks which contain abundant organic remains 
or are closely associated with rocks containing such remains. 

Oil and gas are usually but not always associated with strong 
heads of salt water. 

There is no general relation between oil fields and streams, 
coasts, mountains, or other surface features unless these features 
result from the structures that control the accumulation of the oil. 

It should be repeated that these statements are general and are 
intended to apply only to commercially important bodies of oil and 
gas and especially to the conditions in the Mid-continent field. 
Small quantities of either oil or gas or both together or of closely 
related substances may be found under almost any conditions, but 
the statements made above will hold for the principal deposits and 
especially for those of this field. 

Theories of Origin. 

The origin of petroleum and natural gas has been a question 
causing much controversy ever since these substances became of 
economic importance. Since this subject is of prime importance 
In connection with the related subjects of migration and accumu- 
lation and also in connection with the prospecting for oil and gas 
it is considered somewhat fully. 

The theories of origin fall into two classes — the organic and 
the inorganic. 

The inorganic theory postulates that the deposits of oil and 
gas have been formed by the interaction of various inorganic or 
mineral substances. Some of the reactions which have been sug- 
gested as possibly producing the bituminous substances are : 

(1) The action of water on the alkali metals at high temper- 
ature would produce acetylene which could polymerize to form 
petroleum. 

(2) The action of carbondioxide and steam on iron at high 
temperatures. 

(3) The action of water on carbides of different metals would 
form acetylene which could polymerize to form petroleum. Car- 
bides do not exist in the surficial part of the earth's crust but may 
be present at depths. 
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(4) The interaction of volcanic emanations which contain 
carbon in the form of carbondioxide and some hydrocarbons, or the 
action of such emanations upon the rocks. 

(5) The presence of carbon and hydrogen is known in the 
outer envelopes of some of the heavenly bodies. It is thoug^ht that 
as the earth cooled from a nebulous mass these substances would 
unite to form hydrocarbons which would be generally distributed 
throughout the mass of the earth. This idea depends on a theory 
of earth origin to which there are many strong objections. 

(6) The action of acetylene and hydrogen on nickel gives an 
oil resembling Pennsylvania petroleum ; acetylene alone acting on 
nickel gives an oil resembling the Russian petroleums. 

The organic theory postulates that petroleum and related sub- 
stances have been produced by the slow decay of plant or animal 
matter (or both) which was carried down by and buried in the mud 
which formed the rocks in which or near which the bituminous sub- 
stances are now found. 

There are certain objections to both of these theories which 
may be briefly outlined as follows : 

Objections to the Inorganic Theory. (1) The conditions pos- 
tulated in all forms of this theory are not known to exist in the 
earth, and it is highly improbable that most of them do exist. (2) 
All the reactions require high temperatures, and, if they take place 
at all, must do so at great depths or near igneous activity which 
would produce the required temperatures. The known important 
petroleum deposits are of moderate depths and generally far re- 
moved from igneous activity. So, even it if is granted that these 
reactions could take place, it is necessary to assume that the bitu- 
minous products have migrated for immense distances, both laterally 
and vertically, if we consider that the commercial deposits of 
oil and gas have resulted from such action. The mechanics of the 
migration of oil and gas make it seem impossible that migration 
can take place through such distances. 

Objections to the Organic Tlieory. (1) The principal objec- 
tion which has been made to the organic theory is that it requires 
the presence of too much organic matter in the rocks to account 
for the larger deposits of petroleum. This objection, however, will 
not stand since it has been shown the shales in some of the largest 
fields contain more than enough bituminous matter to account for 
all of the oil. If it is assumed that a thickness of 1,000 feet of rocks 
contribute to a certain oil horizon, and that the bitumen is all accu- 
mulated, a bituminous content of only one-fifth of one percent is 
necessary to account for the oil contained in the richest spots yet 
tapped. It is very improbable that so great a thickness of rocks 
contributes to a given deposit of oil, or that the bitumen is all 
accumulated as oil. However, many shales and some sandstones 



r>' Google 



14 Oil and Gas in the Mid-Continent Fields. 

and limestones contain such high percentasres of orfifanic matter that 
only a moderate thickness need contribute and only a small portion 
of the organic matter need be accumulated as oil to account for 
the acre yields of any of the fields yet developed. 

The second objection to the organic theory is that the decay 
of complex organic material, would give substances much higher 
in sulphur, nitrogen, and phosphorus than is petroleum. The re- 
searches of Engler, however, have shown that under the conditions 
which exist in nature the decomposition of- organic matter in salt 
water probably takes place in. two stages — a comparatively rapid 
decay in which the products of the nitrogenous compounds are 
given off, together with the sulphur and phosphorus, leaving only the 
fatty substances to be carried down with the mud and to undergo 
the further decomposition. The products of the distillation of such 
fatty substances in the laboratory closely resembles petroleum. 

■ In spite of there being some features of the accumulation of 
immense bodies of petroleum from organic matter which are some- 
what difficult of explanation, it may be safely said that this theory 
is generally accepted at present. 

The evidence in favor of it may be briefly summarized as 
follows : 

(1) The distillation of fatty substances under pressure gives 
products almost or quite identical with petroleum. 

(2) The universal association of bituminous rocks (the bitu- 
men being evidently of organic origin) with deposits of petroleum 
and the absence of such deposits in localities where all the other 
conditions seem to be favorable but where the rocks are lacking in 
known organic remains. 

(3) The distance from centers of igneous activity anii the 
shallow depths at which the great deposits of petroleum occur. 

(4) Many of the great oil fields occur in regions in which the 
rocks are very little disturbed and where there is no reason to 
believe that there is opportunity for the oil to have moved upward 
from great depths. 

(5) The ample supply of organic material in most of the 
sedimentary rocks to account for any known accumulation. 

(6) Petroleum is optically active — ^that is, it is able to rotate 
the plane of polarized light. The artificial petroleums prepared 
by the distillation of organic material have this power but those 
prepared from inorganic materials do not. 

If the organic theory of the origin of petroleum be accepted 
it becomes of interest to determine what types of organisms went 
to form the accumulation. 

It is evident that land animals could have played no part in the 
formation of petroleum since practically all the deposits are in ma- 
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line rocks in which land animals could have been buried only 
by extremely rare accidents. 

Land vegetation is occasionally carried considerable distances 
from shore and might take part in the formation of petroleum. It 
seems, however, that the woody plants would go to form lignite or 
•coal rather than petroleum. The small amounts of vegetable fats 
derived from the decay of such plants may have entered into the 
formation of the bitumens but, as a whole, the contribution of land 
plants may be considered negligible. 

The larger sea animals — fish, amphibians, reptiles, mammals, 
and shell fish of all kinds — may also be considered as unimportant 
in this connection. When one of these animals dies the carcass is 
almost certain to be eaten by some other animal. If it is not eaten, 
the fats from its composition will rise to the surface and will be 
widely disseminated. In some situations there might be considerable 
accumulation of the remains of such animals and all petroleum 
deposits have almost certainly received some contribution from the 
larger animals, but the proportion of petroleum derived from this 
source must be small. 

There remain the smaller sea animals — such as the corals, the 
foraminifera and the other single-celled animals — and the sea plants. . 
The products from these life forms are more likely to escape imme- 
diate destruction and, in favorable situations, are known to collect 
in considerable quantities. The comparative importance of the 
smaller animals and the plants as a source of petroleum is open to 
question. It is very probable that the proportions of plant and ani- 
mal matter varied considerably in the rocks from which the differ- 
ent deposits of petroleum were derived and that the difference in the 
characters of petroleums in different fields is due, in part at least, 
to the difference in the character of the organic matter buried with 
the rocks. 

The Migration of Oil and Gas. 

As has been shown, the inorganic theory of the origin of petro- 
leum makes it necessary for the oil and gas to have migrated great 
distances to be found in the places they now occupy. If the oil and 
gas are derived from organic matter buried in the sedimentary 
rocks, only a short migration is necessary but in any case some 
movement of the bituminous substances is necessary to form the 
enormous accumulations which exist in certain beds of rock. 

Most {(ccumulations of oil and gas are in sands or sandstones, 
and it seems certain that the proportion of organic matter buried in 
these rocks is insufficient to account for such quantities as are 
present. We must account for the transfer of the bituminous sub- 
stances from neighboring rocks, into the rocks in which they are 
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now found and in some cases at least, for some little distances 
in these rocks. 

The ultimate source of most of the oil in the larger accumulations 
must have been in the bituminous shales which are associated with 
the oil-bearing sands. In these shales the oil was -in a finely des- 
seminated condition and distributed fairly uniformly throughout, 
the mass of the shale of mud. The wet mud in consolidating would 
be greatly reduced in volume and much of the liquid matter would 
be forced out. Both water and the bituminous matter would be 
forced out but, as the distance between the individual clay particles 
was reduced by the consolidation, the water, on account of its greater 
surface tension, would be held much more strongly than either oil 
or gas particles, so that the latter substances would be forced out 
into the coarser grained rocks in greater proportion than would the 
water. It has been demonstrated both mathematically and experi- 
mentally that this action is sufficient to account for the transfer of 
oil and gas from fine-grained shales to coarser rocks with which 
they are associated. 

The cause and nature of migration and the distance to which 
oil and gas may migrate within a porous bed are subjects on which 
there is much difference of opinion. The earlier opinion was that 
the difference in specific gravity between the oil and gas and the 
water, with which they are usually associated, was the ' principal 
cause of the movement. It has been shown, however, that this is in- 
sufficient of itself to cause migration, although it is possible that it 
may be a determining factor where the other factors are nearly 
balanced. The most recent researches seem to show that we must 
depend mainly on the difference between the surface tension or 
capillarity of the different substances as the principal cause of 
migration. The water on account of its higher surface tension 
forces the oil and gas from the finer spaces into the coarser. Within 
a coarse-textured bed the difference in specific gravity may cause 
some movement. It has also been suggested that the slow move- 
ment of underground water assists in the accumulation of large 
bodies of oil and gas. Small earth movements such as earthquake 
tremors and the small tidal movements may have some effect on 
the starting of the migration. The whole problem is extremely 
complex and it is certain that we must look to a number of factors 
which produce and influence the migration, rather than to a single 
cause. 

'Accumulation, 

Granting that oil and gas can and do move in the focks, there 
are several conditions that must be fulfilled before there can be an 

•Thp Hiiticlinal theory waa dpvplopeil iiiincipally hy I. C. White and Edward 
Orton. A review of the enrly publicaHoiis on fhts subject lt< glveu by M. R) 
CamnbeU in Economic Geology, Vol. 6. No. 4., pp. '363-395, l&ll. 



V Google 



Nature of Petroleum and Natural Gas. 17 

accumulation of commercial importance. These may be briefly 
enumerated as follows : 

(1) A bituminous rock as a source for the oil. This has 
already been mentioned. The probabilities are that bituminous 
shales are the source of practically all the oil in the Mid-continent 
fields. During deposition, the mud would have a greater power of 
carrying the organic matter down with it than would the sand or 
lime particles. The proportion of organic matter would also be 
higher in mud than in sand on account of the much more rapid 
accumulation of the latter. 

(2) A porous r6ck to act as a reservoir for the oil and gas. 
This is a sandstone in most cases. Sandstones are deposited in com- 
paratively shallow water and vary considerably in thickness and 
character within short distances. The variation in the size of grain 
is one of the important features of oil-bearing sands. The finer 
the grain of the sand, the less the pore space, and consequently the 
less the total amount of oil contained per volume of sand. Migration 
is naturally slower in the finer-grained rocks and wells producing 
from them usually have smaller initial productions and are longer 
lived than those in coarser-grained rocks. An ideal sand is one of mod- 
erate thickness, and of medium grain, and with sufficient cementing 
material to cause it to stand up well but not sufficient to occupy 
much of the space between the grains. 

Conglomerates may be regarded as very coarse sandstones so 
far as they act as oil and gas reservoirs. Limestones, where suffi- 
ciently porous, act as reservoirs. The porosity may be due to the 
original texture ; to dolomitization which increases the pore space ; 
to erosion and solution; to faulting or jointing which opens cavities 
in the limestone, and to the effect of solutions from igneous intru- 
sions. The porosity of limestones may be very high, as much as 
30 or 40 per cent. Shales often contain a high percentage of bitu- 
minous matter but are usually so fine-grained that oil is retained in 
them. Oil is found in some places in joint cracks in shale, and 
the porous diatomaceous shales of California have been very pro- 
ductive. It is prob^le, however, that most of the oil reported as 
coming from shale conies from sandy streaks in the shale or from 
a sand immediately under the shale. Porous or weathered igneous 
rocks act as reservoirs in some cases. The only known example 
in the Mid-continent fields is at Thrall, Texas. 

(3) A cap rock to prevent the oil from migrating directly up- 
ward to the surface. This is usually a shale or other fine-grained 
rock. The cap rock is essential to the accumulation of Oil and gas, 
but its character has little or no effect on the accumulation, except 
in the cases where it is a bituminous shale which, besides acting as 
a cap rock, may be the source of a considerable portion or of all 
of the oil and gas. 
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(4) The presence of water in the rocks is a controllingr factor 
in the accumulation of oil and gas. Its effect in driving these sub- 
stances from the finer to the coarser pores in the rock has been 
noticed. 

(5) Favorable structural conditions or variations in the thick- 
ness and porosity of the beds which produce the same effects as 
favorable structures. This feature is so important that it is con- 
sidered in a separate section. 

Structurai Relations. 

Observation of the developed oil fields ift Pennsylvania, Ohio, 
and West Virginia convinced many of the observers that there is 
some definite relation between the accumulation of oil and gas and 
the structure of the rocks. It was determined that the principal 
oil and gas pools lay along the crests of the anticlinal folds; there- 
fore, the theory of accumulation based on these observations has be- 
come known aa the anticlinal theory. This theory has been of great 
value in locating prospective oil and gas regions, but the attempt 
to apply it to other fields where the geologic conditions are not 
similar to those where it was originally applied has not always 
been successful. Various changes have been made in the theory, but 
the fundamental part' of the theory- — ^that the accumulation of oil 
and gas depends on the structure — is still generally accepted. 

The anticlinal theory is, in brief, that oil and gas were origi- 
nally widely disseminated throughout the formations in which they 
are found, or in contiguous formations, and their segregation is be- 
lieved to be due to the different specific gravities of oil, gas and 
water. If a porous stratum contains all these substances, when it is 
tilted by geologic causes, they will arrange themselves according to 
specific gravity; the gas, being lighter, will be driven into the higher 
parts of the stratum (toward the crest of the anticline), the oil will 
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be floated on top of the water, while the water occupies the lower 
portions of the stratum (those nearest the syncline). 

These conditions are represented in the accompanying figure. 

In this figure, as in all others in the book, sandstone is repre- 
sented by the dotted pattern, shale by the closely ruled pattern and 
limestone by the block pattern. The line AB represents the present 
land surface and the broken lines represent the strata which have 
been removed by erosion. The oil and gas are shown collected in 
the sandstones under the crests of the anticlines at X and Y. At Y 
the shale has been removed from over the upper sandstone, allowing 
the oil and gas to escape. 

As work progressed in areas outside the Pennsylvania and 
West Virginia fields it was found that the variations of structure 
made it necessary to modify the anticlinal theory in some respects. 
The presence of a true anticline has been shown not to be necessary 
for accumulation, but any structure or tilting of the rocks which 
will cause the oil, gas and water to arrange themselves in the order 
of their specific gravities will suffice for the accumulation if the oil 
and gas are sealed in from the surface. On this account a new 
classification of oil fields based on structure has been prepared by 
F. G. Clapp (Economic Geology. Vol. V, No. 6), as follows; 
I. Where anticlinal and synclinal structures exists. 

(a) Strong anticlines standing alone. 

(b) Well defined anticlines and synclines alternating. 

(c) Monoclinal slopes with change in dip. 

(d) Terrace structure. 

(e) Broad geanticlinal folds. 

(f) Overturned folds. 

II. Domes or quaquaversal structures. 

III. Sealed faults. 

IV. Oil and gas sealed in by asphaltic deposits. 
V. Joint cracks. 

VI. Surrounding volcanic vents (or igneous intrusions.) 

Almost all the important fields belong to some division of Class 
I, among them being the Appalachian, Mid-continent, Illinois, In- 
diana, Wyoming, Colorado, northern Louisiana, northern Texas, and 
some of the California fields in this country, and the Russian, Aois- 
trian, Burma, and Borneo fields in the eastern hemisphere. Of the 
different subclasses, the second is probably the most common, con- 
taining with a few minor exceptions the Appalachian field in Penn- 
sylvania, West Virginia, and eastern Kentucky, the southern Indiana 
and Illinois field, the Kansas and Oklahoma fields, the Caddo field 
in northern Louisiana, the north Texas fields, and those of Colorado, 
Wyoming, and Montana. The conditions in these fields are shown 
diagrammatically in fig. 7. 
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Subclasses c and d may be considered together since d is only 
an extreme type of c. These structures are sometimes called 
arrested anticlines since the forces were apparently the same as 
those forming anticlines, but not strong enough to reverse completely 
the normal dip of rocks with a monoclinal structure, but merely to 
lessen the dip locally or to flatten the rocks out. The conditions are 
shown diagrammatically in Hg. 8. Some of the important pools 
of northern Oklahoma and Kansas represent this type of structure 
although most of them belong to subclass b. 



The last two subclasses are probably not represented in Okla- 
homa. The fields in Ohio and Indiana around the Cincinnati arch 
or geanticline belong to subclass e. 

Class II is represented by the pools in the coastal plain of 
Texas and Louisiana. Class III occurs in some of the California 
fields. It is possible, although scarcely probable, that this con- 
dition occurs in the Ouachita Mountains in the southeastern part of 
Oklahoma. The conditions are represented in the diagram of a fault 
(fig. 4.) Oil contained in the sandstone layer would be sealed in by 
the fault passing through the overlying shale layer, and would collect 
near the fault line if the sandstone dipped away from the fault, 
which would usually be the case on one side or the other. Faults of 
this type exist in the region mentioned and the asphalt deposits 
prove that oil was once present in the rocks, but whether it all es- 
caped or whether part of it is sealed in along some of the faults is 
problematic. Class IV is possibly represented in Oklahoma by 
some small deposits giving rise to the oil springs or seeps in the 
Arbuckle Mountain region. It is not at all probable that the de- 
posits are large enough to be of any value. Small faults have a 
pronounced effect on the accumulation in several fields in Okla- 
homa and probably in Kansas and Texas, but their influence seems 
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to be due more to the alteration in the water conditions, than to 
the sealing effect. Class V is not very important, occurring, so far 
as known, only in Canada. Class VI does not occur in the Mid-con- 
tinent fields. Some of the large Mexican fields probably belong to 
this class. 

It seems to the writer that one other condition should be in- 
cluded in this list, which, while not strictly a structural condition, 
should have the same effect as inclined strata on accumulation. This 
is the local thickening of sands or the occurrence of short, thick 
lenses of sand in shale. The conditions are shown diagrammatically 




in the accompanying sketch (fig. 9.) In this case the oil and gas 
would certainly collect in the top of the arch made in the shale by 
the lens of sand, the gas at the top and the oil lower down. This 
local thickening of the sands or occurrence of such lenses may or 
may not give any surface indications of their presence and may ac- 
count for some oil and gas pools where no surface structure can be 
made out, as in the Cretaceous area along Red River in southern 
Oklahoma. 

A factor which is of extreme importance in the considera- 
tion of accumulation by any type of structure is the difference in 
porosity of the same sandstone in different localities. If a sand- 
stone is studied along its outcrop it will be found to vary somewhat 
in character from place to place. In one place it may be composed 
of fairly large grains of sand loosely cemented together, while a 
short distance away it will be very fine-grained and well cemented 
so that there is very little pore apace. It is only reasonable to 
presume that such variations also exist in the sandstones underneath 
the surface, and this variation is believed to account for the oc- 
casional finding of dry holes which are in proven territory and 
which may be entirely surrounded by producing wells. It is sup- 
posed that the dry holes encountered a non-porous or tight place in 
the sandstone, while the producing wells penetrated more open, 
porous places. The variation in production of wells of equal depth 
located near each other is explained in the same way. In general 
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Fig. 10.— Diagram 

the more open and porous the sand, the greater the amount of oil 
contained and the more rapidly the oil can be given up from the 
sand around the bottom of the well. This also accounts for the fact 
that very often wells of phenomenally large initial production are 
not as long-lived as those with a smaller production, since the more 
rapidly the oil can pass through the sand the sooner will the supply 
be exhausted. The shooting of oil wells is based on the same fact, 
as the effect of the shooting is simply to loosen up the sand so that 
the oil can pass through it more readily. A notably coarse body 
of sand entirely surrounded by finer sand would serve as a col- 
lecting ground and might contain a considerable deposit of oil with- 
out giving any surface indications. 

Still another feature needs to be considered in this connection. 
All the statements previously made concerning the effect of struc- 
ture on accumulation are based on the presence of water with the 
oil and gas. When no water is present the oil and gas, instead of 
being collected in the anticlines or corresponding structures, seek 
the synclines or lower parts of the structure governing the accu- 
mulation, the oil in the bottom of the synctine and the gas higher 
on the slope as shown in the accompanying diagram, (fig. 10). This 
condition is not known to exist in the Mid-continent fields although 
it probably does. 

Effect of Metamorphism. 

It is well known that in regions of great metamorphism com- 
mercial deposits of petroleum are lacking. It is evident that if de- 
posits of petroleum are included in rocks that the petroleum will 
be subject to the same processes as the rocks themselves and we 
may naturally expect that it will be altered to a degree correspond- 
ing to the degree of metamorphism of the limestones, shales and 
sandstones with which it is associated; 
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In many fields petroleum deposits occur in the same series of 
rocks with veins of coal, and David White* has called attention to 
the relationship between the degree of metamorphism of the coal 
beds of certain regions to the character of the other bituminous 
substances contained in the same series of rocks. 

Briefly stated, his observations are that in regions in which the 
coals are of very low grade (with low fixed-carbon and high volatile 
matter content) the oils are also very low grade, as for example 
the Gulf Coast and the bulk of the California oils ; with increase of 
fixed-carbon in the coals, we find continually higher grade oils until 
the percentage of fixed-carbon reaches 60; in regions where the 
fixed-carbon content is between 60 and 65 or 70 per cent, there may be 
some gas, but no oil ; and where the fixed carbon content is above 
70 per cent there is little probability of there being commercial 
deposits of gas and there is no oil. 

The change from peat to lignite and through sub-bituminous, 
bituminous, semi-bituminous and semi-anthracite to anthracite is 
due to the progressive breaking down of the complex organic com- 
pounds, with the formation of simpler solid compounds and to the 
escape of volatile matter. In a parallel series of changes, the highly 
complex organic compounds of tow grade petroleums are broken 
down into simpler forms giving high grade oils and natural gas. Tn 
the process of metamorphism the volatile oil-forming matter will es- 
cape from the sandstone and shale layers just as the volatile matter 
escapes from the coal. 

Or, in other words, the percentage of fixed-carbon in coal is an 
index of the amount of metamorphism which the rocks have under- 
gone, and at the same time, the same processes cause the alteration 
from low grade to high grade oils and gas and finally the expul- 
sion (or escape) of all the volatile matter of petroliferous deposits. 
White's observations were based in part on the Mid-con- 
tinent fields. Beginning in southeastern Kansas there is a 
gradual increase in the percentage of fixed-carbon in the coal to the 
south and southeast into Arkansas. The oils of Kansas are of 
notably lower grade than those farther south and west. In the 
territory to the southeast and east of a line drawn through south- 
eastern Muskogee county and Mcintosh, Hughes and Pontotoc coun- 
ties, the coals have a fixed carbon content greater than that given 
by White as limiting the occurrence of petroleum. So far only gas 
has been found in commercial quantities in this entire area. 

White considers the various factors which may influence this 
metamorphism of petroliferous deposits, such as (a) migration of 
oil which may produce small deposits of high-grade oil in regions 
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of very little metamorphism, (b) the effects of intense local meta- 
morphism, (c) the difference in the "sealing in" effect of different . 
types of beds which may effect the escape of the volatile constit- 
uents and (d) the effect of difference in the character of the 
original organic material going to form the petroliferous deposits. 

His theory is put forth as applicable to broad regional condi- 
tions rather than to local deposits and, in general, holds for the 
deposits so far discovered. 
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THE PRODUCTION OF PETROLKUM AND NATURAL GAS. 

In the present section an attempt is made to- give a brief re- 
view of the methods and processes used in obtaining petroleum and 
natural gas. The subjects considered are prospecting and drilling 
The subjects of transportation, marketing and refining are noted 
only incidentally since they are highly technical and are of little 
interest to the general reader. 

PBOSPECTING. 

From what has been said concerning the conditions of occur- 
rence of oil and gas, and the generally accepted theories of their 
origin and accumulation, certain general rules concerning the pros- 
pecting for these substances can be deduced. The knowledge of 
conditions in developed fields is a great aid in determining the re- 
lations of the oil and gas pool to the nature of the rocks, both the 
surface rocks and those encountered in drilling, as well as to the 
structure of the rocks and to the surface features. The value of 
geology as an aid to prospecting is considered at some length. 

Nature of the Surface Rocks — Many people are strongly of the 
opinion that the rocks immediately on the surface are related to the 
occurrence of oil and gas below, and there is, locally, quite a strong 
prejudice in favor of starting wells on top of limestone. In regard 
to this matter it may be said that the developments in the different 
fields of the country and even of the different pools in the Mid-con- 
tinent fields prove that this idea is without foundation. 

It has already been noted that all the important deposits of 
oil and gas occur in sedimentary rocks, limestones, sandstones, or 
shales. No deposits are known in igneous rocks or in rocks that 
have been so metamorphosed by heat and pressure that their original 
nature has been destroyed. In the Mid-continent fields this fact 
is of importance in small areas since most of the surface rocks are 
sedimentary. 

In the Arbuckle and Wichita mountains, in Oklahoma and in the 
Llano-Burnet mountains and in trans-Pecos Texas, however, there 
are considerable areas in which the surface rocks are granite and 
closely related recks. In these areas there is absolutely no use of 
prospecting oil and gas. 
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It is certain that holes started on the grranite would encounter 
noother kind of rock in the depth to which drilling can be done. 

In an area of sedimentary rocks a little consideration will make 
it possible to select the more favorable areas from the less favorable. 
Whether the organic theory of the origin of oil and gas be ac- 
cepted or not, the fact remains that all important deposits of either 
substance are found in rocks which are strongly charged with or- 
ganic matter or which are closely associated with such rocks. This 
is usually shown by the presence of fossils and by the prevailing 
dark colors of the rocks. The dark blues and greens and the blacks 
are due to the presence of iron in the reduced form, the reduction 
being due to the presence of organic matter, or in some cases, the 
color is due to the organic matter itself. In rocks in which very 
little or no organic matter is present the iron is in the oxidized 
form — iron rust — and gives the rocks a prevailing red color. A 
large area of red rocks too thick to be drilled through cannot but 
be regarded as a most unlikely region for oil and gas prospecting. 

Similarly a region in which all the rocks within reach of the 
drill are either very near-shore or very deep-sea deposits is very 
unfavorable territory for prospecting. As noted under the discus- 
sion of the origin of oil And gas, it is. only where mud is being de- 
posited that sufficient organic matter is carried down with the 
sediments to produce commercial deposits of oil or gas. In re- 
gions, therefore, where the rocks within reach of the drill are made 
up of subaerial deposits, or of near-shore or basal sandstones and 
conglomerates, or massive limestones of deep-sea origin, prospecting 
cannot be recommended, no matter if favorable structural conditions 
are present. 

It is not always possible to determine in advance of drilling . 
precisely the nature of the rocks to be encountered but a thoi-ough 
study of the general geology of the region will generally give a 
fairly accurate idea as to the general character of the section. 

Very strongly metamorphosed sediments or those which a^e 
very steeply folded or are much faulted are not likely to contain 
oil or gas in quantity. The effect of metamorphism has been noted 
in the preceding section. Folding and faulting are generally ac- 
companied by profound metamorphism. especially in the older rocks. 

In rocks as young as the Tertiary, or even the Cretaceous, large 
quantities of oil and gas are found where the folding is steep, as in 
California and Wyoming, but in rocks as old as the Pennsylvanian, 
steep folding is generally accompanied by such pronounced metamor- 
phism that oil and gas are no longer present in the rocks even if 
they were originally. 

Relations of Oil and Gas Pools to Topographic Features. — 
The statement is often made that the indications in a certain 
territory or on a certain tract of land are favorable for oil and 
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gas because the land is near or lies parallel to a river or mountain 
range or some other topographic feature. The statement that all 
oil and gas fields lie parallel to some coast or stream is necessarily 
true, but is of absolutely no value in prospecting. For example, the 
fields or pools in northeastern Oklahoma having an east-west trend 
are nearly parallel to Arkansas river and those bearing north and 
south are parallel to the Verdigris. In fact, it would be practically 
impossible to locate a pool bo that the trend would not be in a 
measure parallel to some stream in the vicinity. At the same time 
unproductive tracts would show exactly the same relation. The only 
case in which the course of a stream would really be related to the 
trend of an oil or gas pool :would be where the course of the stream 
is controlled by the structure of the rocks and where the same struc- 
ture is related to the accumulation of the oil or gas. In this case the 
shape or the trend of the oil pool would be due to the structure 
instead of to its following the course of the river. It may be said, 
therefore, that the presence or absence of a stream in a given area 
or the relation of a tract of land to its course is no indication as 
to the occurrence of oil and gas unless the course of the stream is 
controlled by the structure and in this case the indications may or 
may not be favorable on a given tract. 

The relations of pools to mountain ranges are of the same na- 
ture as their relations to rivers. The structure of the mountain 
range often provides the necessary conditions for the accumulation 
of oil and gas and hence the long axis of the pool is often parallel 
to the direction of the ranges. The relation of the pool, however, 
is to the structure and not to the mountain range itself. If the 
rocks making up a mountain range are igneous or strongly metainor- 
phic there will be no oil or gas in them any more than there will 
be in rocks of the same kind at a distance from the mountains, and 
if the rocks and the structure are favorable for accumulation in a 
region there will be oil and gas no matter what the relation to a 
mountain range may be. 

In general, hills and valleys cannot be depended upon to give 
any indication as to the presence of oil and gas. In many developed 
pools, wells started on the hills are just as productive as those 
started in the valleys and vice versa. Other pools are on practically 
level land. There is no more ground for saying that a certain loca- 
tion should be a good place for prospecting because the surface looks 
like that of a developed pool than for saying that the same region 
is without oil and gas because the surface is very unlike that of an- 
other developed pool, or that it is very like another region which is 
known to be dry. In some instances the distribution of the hills and 
valleys depends on the structure and here, of course, the surface 
configuration may give some indication as to the more probable 
places to prospect. In the coal fields of the east-central part of 
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Oklahoma the anticlines are often worn down into valleys while the 
synclines stand up as ridges and hills. In this region it is wiser to 
prospect in the valleys than on the hills if no further investigation 
is made. Even in this locality, however, there- are so many ex- 
ceptions to the general rule and so many hills and valleys that are 
without relation to the structure that it is much better to work out 
the structure definitely before locating a test well than to depend 
upon the character of the surface alone. 

"Oil Trends" — An idea that was held generally in the early days 
of the industry and which still has a number of adherents is that oil 
occurs along certain well developed trends or lines and that territory 
anywhere along certain well developed trends is favorable for pros- 
pecting. It is believed by many people that the country will even- 
tually be developed between the Oklahoma field and the Gulf field 
m Texas and Louisiana. It is apparent that if this idea were car- 
ried to an extreme almost any region could be considered as probable 
territory since by connecting all the oil fields of the world by lines 
it would be hard to And a locality that would not be reasonably 
near one of these lines. There is no more reason for considering 
the region between the Oklahoma and Gulf fields as all being 
favorable for prospecting than for considering all the territory be- 
tween the Oklahoma and California fields or between the Califor- 
nia and Pennsylvania fields in the same way. The oil in the Gulf 
and California fields occurs under very different conditions from 
those of the Oklahoma fields. The rocks in the former fields 
are much younger than those in Oklahoma, and if the productive 
rocks of Oklahoma are present at all in the Gulf and California 
fields they are buried under thousands of feet of younger rocks. 

When a single field ie considered it is evident thst the trenil 
of the whole field will be in the same direction as that of the out- 
crop of the rocks containing the oil and gas. For instance, in the 
northeastern Oklahoma field the oil and gas is all contained in a 
thickness of about 1,000 feet of rocks and these rocks outcrop from 
north to south and dip to the west. It ia evident that oil and gas 
can be found where the local conditions are favorable in a belt to 
the west of the outcrop in which the oil-bfearing rocks lie at a 
depth of less than 4,000 feet. The development of the field as a 
whole will therefore be in a north-south belt. 

The conditions of deposition also tend to produce trends in oil 
fields regarded in a broad way. The conditions favorable for ac- 
cumulation are in the belt of maximum mud deposition, interme- 
diate between the near-shore belt of sand, and the off-shore de- 
posits of limestones. This mud belt will naturally have a more or 
less definite trend paralleling the shore line at the time the beds 
were deposited. 



Digili; 



r>' Google 



The Production of Petroleum and Natural Gas. 29 

The individual- pool, in a productive belt, may extend in any direc- 
tion tc that of the field as a whole, in spite of the common idea that all 
lie in one direction. For example, the northeastern Oklahoma and 
southeastern Kansas field has a general north-south trend as has 
been said, but the individual pools may trend in any direction. The 
Goody's Bluff-AUuwe and the Hogshooter pools extend north and 
south, the Delaware-Childers pool east and west, the Copan and the 
Dewey-Bartleaville pools northeast and southwest, the Henryetta- 
Schulter and Morris pools northwest and southeast, and the main 
portion of the Glenn pool is almost circular. The individual pools 
in the Kansas part of the field have their long axes in all directions. 
The direction of the long axis of a pool depends usually on the 
structure and in any region the majority of the folds are likely to 
have their long axes in the same direction, so that it is probable 
that the majority of the pools will trend the same way. There are, 
however, almost always exceptions to this rule, and the development 
of a pool cannot be certainly predicted on the basis of that of other 
pools in the vicinity unless it is known that the structure is the same. 

Oil Seeps and Asphalt Deposits — Among the features that are 
often cited as indications of oil and gas are the so-called oil seeps 
which occur in practically ah parts of the'state. True oil seeps are 
undoubtedly proof of the presence of oil or asphalt, but such seeps 
are rare in the Mid-continent fields. 

Asphalt seeps are known in the Uvalde region of Texas, and are 
reported from Goke and Stephens counties. Seeps and deposits of 
asphalt and very heavy asphaltic oil occur in many places in and 
around the Arbuckle Mountains in Oklahoma, around the Wichita 
Mountains and in the region between the two mountain groups. 
Several small deposits of asphalt have been found in the Trinity 
sand in' southern Oklahoma and in Montague county, Texas. Hard, 
brittle asphalts are present in the Ouachita Mountain region in 
Oklahoma. 

In considering an oil seep or asphalt deposit as an indication 
of the presence of considerable bodies of oil underground, a careful 
study of the geologic conditions must be made. 

In regions where there is considerable faulting or intrusions of 
igneous rock the oil seep may have its origin in deposits of oil which 
are deeply buried. The faulting or the intrusions may have so 
broken the rocks as to permit of the escape of a small portion of the 
oil, forming a seep. Such conditions exist in California, Mexico, 
South America and in other foreign fields. 

In these regions the presence of oil seeps is a valuable aid in 
prospecting for oil. Seeps of oi] and gas have also been of value in 
locating the salt dome ^elds in the Gulf Coast region in Texas and 
Louisiana. 
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On the other hand, oil seepa in a re^on of undisturbed rocks 
are generally of little value as an aid to prospectinsr. Such seepa 
generally result from the exposure of an oil*bearing sand hy erosion 
and represent only the remains of what may have been a consider- 
able body of oil. Naturally, these seeps prove the petroliferous 
nature of the beds in which they occur and may point to the ad- 
visability of prospecting in those beds back from the cutcrop where 
the beds are sealed from the surface and where the structural con- 
ditions are favorable. 

Another factor which must be taken into consideration in de- 
termining whether or not an oil seep has its origin in a deeply 
buried oil reservoir, is the age of the rocks in which the seep occurs. 

It is apparent that a seep means that some of the oil is escaping 
and that, if the escape continues long enough, the supply be depleted. 

In the case of rocks as old as the Pennsylvanian and where the 
folding also is old, it seems evident that any body of oil which had 
an outlet to the surface through a seep would be exhausted before 
this time. A deposit in Cretaceous or Early Tertiary rocks, which 
were folded in late Tertiary or Pleistocene times, might show con- 
siderable seepage and still have a great supply in the buried reser- 
voir. 

The presence of veins or beds of hard, brittle asphalt, cannot 
be regarded as favorable indications of oil in the accompanying 
rocks and are probably the remains of oil bodies from which all 
the lighter constituents have escaped. 

Any surticial occurrence of oil or asphalt is worthy of investi- 
gation. The conditions under which they may occur are so variable 
that generalizations concerning them are difficult to make. How- 
ever, in moat cases the most important oil fields in Cretaceous or 
Tertiary rocks are accompanied by oil seeps, but seeps are very rare 
in connection with the fields in the Pennsylvanian rocks. Also, cil 
seeps in Cretaceous or Tertiary rocks are much more likely to origi- 
nate in a buried accumulation of oil than are those in the Pennsyl- 
vanian or older rocks, most of which are produced by the uncovering 
of an oil-bearing stratum. 

Many reported oil "seeps" are due to other substances than 
petroleum. In the majority of cases the "seeps" have proved to be 
merely thin scums of iron oxide on the water. This gives the 
appearance of a thin layer of kerosene, but is easily distinguished 
from it. If an attempt ia made to skim off the "oil* the scum breaks 
and separates into angular pieces. If the water is stirred up 
the crust or scum will be broken up and will settle to the bottom. The 
behavior of a true oil scum la of course quite different. Further 
tests which are quite easily made and which establish definitely the 
identity of the scum are those with acid, preferably hydrochloric, 
and carbon bisulphide, both of which can be easily obtained at any 
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drug store. If some of the water with as much of the scum as pos- 
sible be collected and placed in a bottle or glass and a little, hydro- 
chloric acid added a scum due to iron will dissolve and give a- brown 
colored solution. This may be tested still more definitely for iron 
by adding a little of a solution of potassium sulpho-cyanate to the 
brown liquid, A brilliant deep red color is produced if iron is 
present. This red color is a very delicate test for iron and will often 
show its presence when the brown color of the hydrochloric acid 
solution is very faint. It should be said that the potassium sulpho- 
cyanate is very poisonous and care should be taken in using it. A 
few drops of a strong solution is all that ia necessary to make the 
test. The solution to be tested should net be very strong with the 
acid. A. film of pure oil is not affected by the acid and will give no 
test with the potassium sulpho-cyanate unless the water with it is 
strongly charged with iron. On the other hand, if carbonbisulphide 
is used instead of the acid an iron film or scum is not aflTected in any 
way, but any oil present is dissolved in the bisulphide and gives it a 
dark brown color. The bisulphide and the oil settle to the bottom 
of the bottle with the colorless water on top. These tests can be 
made at an expense of a few cents and a few minutes of time and 
should always be made before any great expense is incurred in the 
investigation of a supposed oil seep. . In nine cases out of ten aily 
scum or film on water (outside of the oil region where the streams 
are covered with waste oil from the wells) will be of iron and not of 
petroleum or other oil. 

Iron also causes another appearance which is often mistaken for 
an indication of oil. Some of the iron compounds are black and 
when wet have a greasy appearance. Irony sands are found in sev- 
eral localities in the State, especially in the Redbeds region, that 
appear oily when they are wet. The test by the hydrochloric acid 
is sufficient to show that this appearance is due to iron since a weak 
solution of the acid will dissolve the black coloration and leave ordi- 
nary sand while the solution becomes brown. The further test with 
the potassium sulpho-cyanate can be made if desired, but is really 
not necessary. 

In considering a seep it should be borne in mind that crude oil 
is usually a thick liquid and dark in color so that the thin oily films 
due to iron do not at all resemble a covering of crude oil, although 
they do somewhat resemble one of kerosene or coal oil. The latter, 
however, is a refined product of the crude oil that is never found as 
such in nature. A few seeps of a dark substance having the appear- 
ance of crude oil have been reported from localities in western Okla- 
homa and some samples have been examined. In general these 
"seeps" are found in the bottoms of canyons and can usually be 
attributed to the decay of vegetable matter which is washed down 
into the canyons at times of heavy rains. The amount of the oily 
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substance is very small and the seeps occur only in times of wet 
weather. 

Tke Use of Instruments — So far as is known there is no instru- 
ment that is of the least service in locating deposits of oil and gas ex- 
cept the ordinary surveying instruments which are used in determin- 
ing the structure of the rocks. There is no substance known that is 
either repelled or attracted by oil or gas. In spite of these facts there 
are many communities in the region that have paid "oil witches" con- 
siderable sums of money to have them locate drilling sites by the 
means of some sort of instrument. In a certain case to the writers' 
knowledge one of these witches received $26 each for locating three 
wells. One of the wells was located on an outcrop of the granite of 
the Arbuckle Mountains and the other two were in places where the 
granite was probably not over 100 feet beneath the surface. In 
another community in the western part of Oklahoma a negro with 
a considerable amount of paraphernalia was successful in obtaining 
»mall sums of money from several parties for locating wells. These 
wells were located on sand hills where the Redbeds would be en- 
countered at a depth of probably less than 100 feet and where these 
beds are at least 1,500 feet thick. This operator is reported to have 
told some of the men who accompanied him that at one place they 
were walking over the largest lake (or pool) of pure gasoline that 
the world has ever known, ^ince the world has never known, very 
little, if any gasoline to be found in a pure state in the rocks, the 
lake need not have been very large to have fulfilled the description. 

A tittle consideration will make it plain that if a man had an 
instrument or substance that would locate definitely deposits of oil 
and gas it would not be necessary for him to do locating at the 
rates charged by such men. The possession of such an instrument 
would enable one man to locate sufficient wells to flood the market 
and to destroy the petroleum industry in a year or two. If such a 
substance or instrument existed it would be to the advantage of 
large oil companies to pay the owner enormous sums of money to 
refrain from locating mere wells. It is certainly safe to say that 
men claiming such powers are either conscious or unconscious 
fakers. 

Use of Geology — The application of geology to the location of oil 
and gas fields is of comparatively recent origin. The first use of the 
anticlinal theory as a means of locating new territory dates back less 
than fifty years, and the common use of geoiogy by oil operators has 
come about in the last 10 to 15 years. 

Necessarily, in a science so young as this which deals with con- 
ditions so indefinite, many mistakes have been made and there is 
still much to learn. It is now generally recognized, however, that 
geology is of great aid in prospecting and practically all the larger 
producing companies have geological departments as a constituent 
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part of their org;anization. Many of the smaller companies and the 
individual operators and promoters use the se'rvices of consulting 
geologists. 

Any attempt to describe the methods of geological exploration 
is difficult since the conditions differ so widely in the various parts 
of the Mid-continent region that methods giving excellent results in 
one locality cannot be used in another. However, the methods of 
geologic work can be roughly classified into reconnaissance and detail 
methods. The two grade into each other and a third type of geo- 
logic exploration, the detailed reconnaissance may be recognized. 

Reconnaissance Methods — The fundamental factor upon which 
any geologic survey for oil and gas must be baaed is a thorough 
knowledge of the general geology of the region. The character of 
the rocks, and their succession must be known before it can be 
decided whether the region is, in general, favorable for oil and gas. 
In a virgin territory, therefore, the first thing necessary is a study 
of the geology in a broad way. This study should decide whether or 
not the rocks within reach of the drill are such as to make the ac- 
cumulation of oil and gas probable. 

The area here considered as the Mid-continent iield has been 
fairly well known geologically for a number of years and the gen- 
eral geologic features have been mapped and described so that a 
study of the literature makes any general geologic surveying un- 



certain areas, such as the greater parts of the Arbuckle, Wich- 
ita, Ozark, Ouachita, and Llano-Burnet mountains and parts of 
trans-PecoB Texas, can be certainly classed as non-productive terri- 
tory from a knowledge of work already done the results of which 
have been published. Other areas can be classed as possibly pro- 
ductive but with the chances very small, and other areas can be 
said to have good chances for production if local conditions are 
favorable. 

After deciding whether the general conditions are favorable, the 
geologist must determine in what localities the local conditions are 
most favorable or whether the conditions on a given tract submitted 
for examination are such as to justify leasing and drilling. Since 
the structure of the surface beds is the only one of the factors in- 
fluencing accumulation which can be determined in advance of drill- 
ing, the investigation in "wild cat" territory resolves itself into a 
determination of the structure of the area. 

The simplest method of determining the structure, is that of 
reading the dips of the exposed beds and recording them on the 
map by means of dip and strike symbols properly located. 

Dips are usually read by means of a clinometer which consists 
of a half-circle, graduated into degrees, with a pointer pivoted in 
the center of the circle and hanging over the graduated scale. The 
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base of the instrument is straijrht and parallel to the diameter de- 
termining the half-circle, so that when the instrument is set on an 
inclined surface, the angli? of inclination, rr dip, from the horizontal 
may be read directly from the position of the pointer on the gradu- 
ated scale. The clinometer is generally combined with a compass as 
in the instrument shown in fig. 11, In this instrument the arm 
which acts as the base may be turned into a vertical position, and is 



Fiji. 11. — niiigiu»?|pr (iimiiuss witli 01*11 slRlit alldailc ultucliineiit. 

II. with Hiiiiadii linvercd tuv ukc hs ell 111 'meter. 
1>, with aiUlHile rnlsetl fur use as sight oompass. 

slotted so that it may be used as an open-sight alidade. The needle 
may be clamped so that sights may be taken on objects and their 
direction from the observer read directly from the compass. 

A different type of clinometer is the Brunton compass (fig. 12.) 
This is provided with a spirit level which is on one end of an arm 
which is pivoted at the center of the compass circle. The other 
ends bears a vernier scale which reads against the graduated half- 
circle. When the instrument is opened the side of the box and the 
lid make a straight-edge which may be placed on the bed whose dip 
is to be determined (or may be sighted across when held parallel to 
the bed). The vernier-spiritlevel arm is then adjusted (by means of 
an arm at the back of the instrument) so that the bubble shows level, 
when the angle of dip may be read from the position of the zero 
of the vernier scale on the graduated circle. The Brunton compass 
may also be used to take sights to determine direction and to de- 
termine angles of elevation and depression. When the zero of the 
vernier scale is set to coincide with the zero of the graduated circle, 
the Brunton may be used as a hand-level. 

It is a.oparent that the methed of reading dips by clinometer is 
applicable only to areas in which the dip is sufficiently great to over- 
come the natural inaccuracies of the instrument. The surface of a 
bed is never a perfect plane and the surface slope due to the minor 
irregularities, in a short exposure may be greater than the dip of 
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the bed, if this be low, and readings with 
the contact clinometer may give totally 
erroneous ideas as to the direction and 
amount of dip. Where the exposures are 
several feet long and the rocks well- 
bedded the Brunton compass may be used, 
by sighting across it when it is held par- 
allel to the beds, even if the dips are 
. quite low. In general, a contact clino- 
meter should not be depended upon when 
the dips are less than 2 or 3 degrees nor 
the Brunton when the dips are less than 
1 degree. 

A situation in which the dip-reading 
method may be used is in regions where 
the outcrops are few and short and 
where the individual beds cannot be cor- 
related from one outcrop to another. 
With these conditions, even if the dip is 
very low, the only method of determining 
the structure at the surface is to use the 
Brunton compass to measure the apparent 
dips, and to plot their locations carefully- 
The results cannot be regarded as strictly 
accurate but still will often show the pres- 
ence of abnormal structural conditions 
and enable one to locate the axis or folds 

within a reasonable limit of error. The tU'- ii;.— itrunton i-..iuiia.ss. 
amount of closure of a favorable struc- 
ture cannot be determined by this method, but in some cases, an esti- 
mate can be made from the amount of dip shown. The accuracy of any 
work of this sort is of course, almost entirely dependent upon the 
nature of the beds and the number and character of the exposures. 

In most of the probably productive areas in the Mid-continent 
field the rocks are well-bedded, and the outcrops fairly numerous 
The individual beds may be traced for considerable distances. The 
dips are low, generally less than 1 degree, and in most places, not 
over 20 to 50 feet to the mile. Under these conditions the method 
of determining structure by reading dips is not practicable and 
methods which involve the determination of the relative elevations 
of different points on the same bed of rock must be used. 

The instruments most used for reconnaissance work in areas of 
this type are the aneroid barometer and the hand-level. 

The use of the aneroid barometer depends on the fact that the 
air pressure diminishes with elevation. The instrument in general 
appearance resembles a large watch, with a single long hand or 
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pointer. A diaphragm parallel to 
the face divides the body of the in- 
strument into two compartments. 
The compartment in front has the 
air partially exhausted and is 
sealed and the back compartment 
is open to the air. As the air pres- 
sure varies in the back compart- 
ment it presses with a greater or 
leas force on the diaphragm and 
since the pressure on the front of 
the diaphragm is constant, causes 
a slight movement forward or 
backward as the pressure in- 
creases or diminishes. This move- 
ment is transmitted to the pointer 
by a magnifying mechanism. The 
scale on the face of the aneroid 
reads in feet of elevation and also 
lis. i;t.--Aii»TO(i-iiiin.iiieUT shows the corresponding readings 

( K. & R. ' for the height of the mercuric ba- 

rometer in inches. The barometer, 
naturally, registers the difference in atmospheric pressure due to vary- 
ing weafher conditions and the change in readings in a short time due 
to this cause may be much greater than that due to difference in 
elevation. For instance, on a "'squally" day, it is not an uncommon 
experience to find that the barometer gives a lower reading at the 
top of a hill than it did at the foot, or vice versa. Then, too, the 
barometer is a very delicate instrument and is very likely to get out 
of adjustment. The position in which it is held also affects the 
readings of most barometers. The readings should also be corrected 
for temperature unless the instrument is compensated. 

In spite of all these drawbacks the aneroid barometer may be 
used to advantage in localities where the distance between observa- 
tion points is not too great or where the barometer readings can be 
checked at frequent intervals. In those parts of Kansas or Okla- 
homa where there are roads on most of the section lines a fairly 
accurate aneroid net of elevations may be made. For example, if 
it is desired to work a given township in which the elevation of, 
say, the southwest comer is known the elevations along the south 
township line may be determined by driving east along the line, 
reading on each section corner, then north a mile and back west 
to the township line and south a mile to the starting point where 
the barometer may be checked. The time of each reading should 
be noted and any change in the barometer should be distributed 
over the traverse in proportion to the time interval for each read- 
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ing. By proceeding in a similar manner the elevations of all the 
section comers may be determined in a comparatively short "time. 
Where all the section lines are open as roads and if an automobile 
can he used, the elevations thus established should be correct 
within a small limit of error, say 5 or 10 feet. 

The geology can then be sketched in by mapping in the out- 
crops by pace traverse or compass sights on objects whose location 
has been determined. Readings may be taken on outcrops 
wherever desired and the time noted. The barometer should- be 
checked by a reading on a section corner at frequent intervals and 
the variation be distributed over the readings on the outcrops. 

By using a good barometer and frequently checking it on 
points of known elevation a geologic map can be made which will 
be very nearly as accurate as one made by plane-table survey but 
when properly done the work is slow and has no advantage over 
the plane-table survey except that it may be done by one man, 
which is an important point in case a plane-table outfit and Instru- 
ment man are not available. 

It should be said that aneroid barometers are made in a great 
number of styles and in sizes of from 2 inches to 5 or 8 inches in 
diameter. In price they vary from a few dollars to a hundred 
dollars or more. In general the cheap instruments are unreliable 
and unsatisfactory. A good type for rapid reconnaissance work is 
one with a 3-inch dial, with the scale rotated by a ratchet antl with 
a small lens for reading the elevations. For the more detailed 
work the larger types are preferable since they can be read more 
accurately. They are heavier to carry but the increased accuracy 
of the work more than compensates for this drawback. For work 
in the Mid-continent fields a barometer which reads to 3,000 feet 
is preferable to one reading to higher elevations on account of the 
greater accuracy with which they can be read. 

For determining relative elevations of two points within sight 
of each other the hand-level is used. The small hand-levels are 
of two types, the square-barrel (fig. 14) and the round-barrel, or 
Locke level, (fig. 15). Both depend on the reflection of the bubble 



ffl 



—Sqna re-barrel hand -level. 

a. View of level. 

b. Field vision. 



of a spirit level, which is fastened on top of the instrument, 
across the field of vision. A cross-hair bisects the reflection of the 
bubble when the instrument is level. In the round-barrel one-half 
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of the field is occupied by the reflection of the spirit level. In the 
square-barrel level the field of observation lies on both sides of 
the refllection of the bubble. The choice between the two types is 
largely a matter of personal preference. They are equally reliable 
and both are easily adjusted. 

For somewhat more accurate determinations of relative ele- 
vations of points within sight of each other, the stadia hand-level 
(fig. 16) is very valuable 
since, on account of its 
greater length, it is much 
more accurate than the 
hand-levels, and is provid- 
ng. 15.— Round -i>aiTt.'i or i.oeke level. ed with a magnifying lens 

which enables the observ- 
er to pick out objects at a distance, much more readily and accurately 
than is possible with the small levels. It can also be depended upon for 




Fig. 16. 
a. Stailisi hand-level. 
1i. Atto<'hraeiit for Jacob's Malt, 
c. leveling attachment. 
(1. Field of vision. 

accurate readings at much greater distance than can the small 
levels. The principal objection to its use is that it is diflicult to 
hold it steadily enough in the hands to bring the bubble to rest 
and it must be used with Jacob's staff or rested upon some solid 
object while the observation is being made. This feature makes it 
unavailable for use in the rapid measurement of the thickness of 
a section of rocks or the interval between beds. For this purpose 
the small levels are suiRciently accurate and are much more rapid 
than the stadia level. The stadia feature is of value in rapid re- 
connaissance, since by noting the portion of the interval between 
the cross-haira covered by objects whose approximate height is 
known, such as houses, fence posts, windmills, etc., a fairly correct 
estimate of distances may be made, or if the distance is known the. 
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difference in elevation between the observer and the point observed 
may be estimated. 

In determining relative elevations of points on a bed of rock 
it should be constantly kept in mind that the relative elevations of 
only two points or of several points in a straight line do not de- 
termine the dip of a bed. For example, if the observer be at the 
level of a given bed and observes that a point on the same bed 
to the southeast is a lower level, it may mean that the bed is dipping 
, to the southeast or it may indicate any of the following conditions: 

(a) A due south dip. 

(b) A due east dip. 

(c) A southwest dip with the south component greater than 

the west. 

(d) A northeast dip with the east component greater than 

the north. 

To determme the true direction of dip it is necessary to con- 
sider the relative elevations on at least three points, not in a 
straight line. 

In any sort of reconnaissance work one of the prime requisites 
is the keeping of one's self located on the map. In Kansas and 
Oklahoma, this presents little difficulty since all the land is divided 
in the township and range system and nearly all the section lines 
are "opened" for roads. In most of Texas, however, the land sur- 
veys are very irregular, the land lines may run in any direction 
and the present property lines do not necessarily coincide with the 
original survey lines which are shown on the only base maps avail- 
able. The roads do not follow the land lines and, generally, reli- 
able road maps are not available. A considerable area in north- 
central Texas is covered by topographic maps of the United States 
Geological Survey but most of these are merely reconnaissance 
maps and are so generalized and the culture is so out of date t'.ial 
they are of little assistance. 

For reconnaissance work in Texas about the only method of 
keeping one's location is to secure the land map of the county, start 
from a known point and determine distance traveled by means of 
automobile speedometer or buggy-wheel revolutions. The tally 
register is of great assistance in counting paces or revolutions. 
Directions may be determined by the Brunton compass with con- 
siderable accuracy. Locations should be checked frequently by 
finding from the farmers or ranchmen the location of the survey 
tines and comers. 

A somewhat more accurate method of determining directions 
than by using the Brunton compass is to use the open-sight ali- 
dade (tig. 17) to locate objects by means of triangulation. 

The open-sight alidade is used with a small plane-table. It is 
often used with the aneroid barometer in preparihg topographic 
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maps of small areas. 
A considerable num- 
ber of intersections 
are made with the 
alidade, arid the ele- 
vations determined 
with the barometer. 
Detailed Methods 
— Detailed geologic 
mapping consists of • 
making an accurate 
map of the territory 
i n V e s t i g a ted, on 
which are shown the 
outcrops of the im- 
i p r tant formations 
S and the elevation of 
■■ the outcrops at a 
I large number of 

t points. The land 

survey lines, the 
Fig. 17.— Open-sight allOaile iB. & L.I [property lines, the 

drLm&ge, roads and 
houses are generally shown. The instruments generally used for 
detailed mapping are the telescopic alidade and plane-table. The 
transit may be used but where so many things are to be shown on 
the map the taking and transcribing of so many notes becomes a se- 
rious proposition. The plane-table permits the map to be made 
in the field and reduces the note-taking to a minimum. The details 
of plane-table surveying methods cannot be given here but may be 
found in any good text on Surveying. 



Fig. 18.— Miniature (Gale) alidade (B. & L.) 

The type of alidade most generally used in geologic mapping 
is a small, portable instrument, built on a design by H. S. Gale of 
the United States Geological Survey and usually known as the 
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Gale alidade. This instrument as manufactured by the Bausch & 
Lomb Optical Company is called the miniature alidade {tig. 18). 
This instrument has the advantage of extreme portability, being 
carried in a sling case about 4 inches square and 12 inches long. 

A larger type of instrument with a high standard is known as 
the Frontier (B. & L.) alidade (fig. 19.) A third type is about 



Fig 19.— Frontier (higU-stauUarU) alidade (B. & L.) 

intermediate in size between the two just mentioned but is built 
on the lines of the Frontier model. 

As has been said, the Miniature or low-standard alidade has 
been the most used in the Mid-continent field. However, it is the 
writer's experience that most instrument men prefer the larger 
types when they become accustomed to them. They are more ac- 
curate than the smaller types, and have better magnification so 
that longer shots may be taken. They are, of course, not so easily 
carried as the small instruments and their cost is greater. They 
also give an inverted image while the small type gives a direct 
image. These disadvantages are more than offset by the increased 
accuracy and the speed of the work. The small type is to be pre- 
ferred only in regions in which the portability is a very important 
feature. 

The size of the plane-table top (planchette) is governed by the 
scale on which the mapping is done. The two sizes most used in 
the Mid-continent fields are 15 inches and 24 inches square. The 
tripod should be substantial enough to resist vibration from the 
wind, but light enough to be carried easily. The tripod-head most 
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used 19 the Johnson head (fig. 20) which permits orientation 
and the quick and accurate leveling of the planchette, and which 
clamps firmly in position when adjusted. 



Fig. 20. — Johnson HIikmI bend for plane ralile. 

Detailed Reconnaissance — One of the larger producing com- 
panies in Oklahoma has used a method which may be called detailed 
reconnaissance. Elevations are established on section corners, 
bridges, road intersections, gate posts and other similar features by 
traverses with alidade or transit. The geology is then mapped by 
the geologist who sketches the outcrops and determines elevations on 
outcrops by means of the aneroid barometer, "tying in" to the 
established points at frequent intervals for location and elevation. 
The term detailed reconnaissance might also be applied to the method 
described under the discussion of the aneroid barometer. 

Mapping the Structure — Structure is shown on maps in two 
ways: by dip and strike symbols and bj contours. 

Dip and strike symbols are plotted on the map in the localities 
where dip readings were taken. The length of the outcrop on 
which the dip is taken may be indicated approximately by the 
length of the dip line. The rate of dip ia usually indicated by 
writing the number of degrees of dip, or the number of feet of 
dip per mile beside the dip and strike symbol. 

A portion of a map showing dip and strike symbols is shown 
in fig. 21. 

This map represents an area in which outcrops are few and 
short and correlation impossible. Most of the outcrops are in road- 
cuts and since only one component can be determined the dips ap- 
pear parallel to the roads in most places. The map is interpreted 
as showing a southeast dip, the small reverse dips being due to 
cross bedding or slump. 

In contouring, a prominent and persistent bed is usually 
chosen as the datum bed and the elevation above sea level of the 
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Fig. 21. — Map of amall area showing use of dip and strike symbols. 



points on its outcrop are placed on the map. Contour lines may 
then be drawn through the points of equal elevation. It is evi- 
dent that one bed can be used through only a narrow belt since it 
will quickly dip beneath the surface. In this case, the interval be- 
tween the datum bed and a higher one is determined and the 
amount of the interval subtracted from the elevations as. deter- 
mined on the higher bed. When working on beds lower in the 
section than the datum bed, the interval must be added to the 
elevations. A map prepared for contouring, then, will show the 
actual elevations on the datum bed where it outcrops, and on 
higher or lower beds will show the elevation, not of the beds them- 
selves, but of the datum bed at those points, presuming that the 
intervals remain constant in the direction of the dip. The intervals 
along the strike should be determined at several places and allowance 
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for thickening or thinning of the beds lying between the beds being 
mapped and the datum bed be made. 




-C> 



Fig. 22. — Portiiiii ut a completed detail map. 

Reports — The final geologic map of an area is usually accom- 
panied by a brief report giving a resume of the principal strati- 
graphic and structural features, a discussion of the probable pres- 
ence of productive sands and their depth and thickness. Any drill- 
ing which has been done in the vicinity should be carefully noted in 
this connection. Such features as leasing conditions, transportation 
facilities, water and fuel supply should receive careful attention since 
they are of great importance in the development of a region. 

The exact nature and scope of the report will, of course, de- 
pend almost entirely on the nature of the investigation and the 
desires of the parties for whom the work is done. 

Locating of Weils — After the more favorable localities of an 
area have been selected by means of a determination of the struc- 
ture, the next question which arises is that of the exact location of 
the well. This will depend somewhat on the nature of the structure 
found. If the structure is an anticline whose sides have an equal or 
nearly equal dip the first well should normally be located on or near 
the crest or line where the dip changes. This is especially true in an 
undeveloped territory as it would be much better to strike a good 
flow of gas than to take chances of going too far down the slope 
of the anticline and strike the oil sand below the oil belt. In a 
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broad, low anticline the well may be located at a somewhat greater 
distance from the crest than on a narrow, sharp one. Where the 
anticline is asymmetric, that is where one side dips much more 



Fl;;. 23.— IMagrH 

Steeply than the other, the well should be located down the slope of 
the gentler side. The reason for this is apparent from the accom- 
panying diagram (flg. 23). It is readily seen that, in an anticline 
of this sort, the crest moves down the dip of the gentler side with 
increasing depth. Consequently a well, A, started on the crest at the 
surface would be a considerable distance down the slope of the steep- 
er side by the time it had reached the depth of the oil-bearing sand, 
and that to encounter the oil-bearing sand at the crest of the fold 
in it. the well would have to be started down the slope on the 
gentler side of the anticline, say at B. It is also apparent that the 
width of the oil belt is much greater on this side of the anticline 
than on the other. The distance from the crest at which the well 
should be started depends on the steepness of the slope of the 
sides and the depth to the supposedly oil-bearing sand. These 
factors, of course, must be worked out for each fold individually. 

If the structure is a terrace or arrested anticline instead of a 
true anticline the location of the well should be somewhere near 
the top of the steep slope, i, e., near the line of change of dip. The 
exact location should be determined by one acquainted with the 
structure and the section tc be encountered in drilling, since there 
are several factors which affect the location which can be deter- 
mined only by an examination of the vicinity and a knowledge of 
the general geology. 

Depth to Which Test Wells Should Be Drilled— After a 
well has been located, a consideration of the depth to which 
it should be drilled before it should be abandoned as dry is 
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an important conaideration. In some cases this can not be de- 
termined. Drilling should not stop until the horizon of the lower- 
most sand which is liable to be encountered is reached. For ex- 
ample, in the great oil region of Oklahoma, the northeastern part 
of the State, the oil and gas-bearing rocks outcrop to the east of 
the development and dip under the surface to the west. From a 
knowledge of the rate of dip and the distance of a locality to the 
west of the outcrop of the sands, or frcm a place where their depth 
is known, the depths of the possibly producing sands of the locality 
in question can be prophesied with a fair degree of certainty. The 
dip through the oil and gas region mentioned has been found to be 
quite uniformly 30 feet to the mile. Supposing then that a well 
is started 20 miles west of a proven pool, the sands in the new 
well wilt be encountered at depths approximately 600 feet greater 
in the new well than in the pool to the east, if the mouths of the 
wells are at about the same level. A sand which lies at 500 feet in 
the old pool should be expected at about 1,100 feet and a sand 
found at 1,200 feet in the old pool should be found at about 1,800 
feet in the new location. Any difference in the elevations of the 
wells should be added to the difference in the depths of the sands 
in the two localities as determined by the dip, if the new well is 
higher than the old, and subtracted if it is lower. There is always 
a possibility that the sands of the developed pool do not extend 
under the new location and also that sands will be found in the 
new location which were not present in the old. The 
principal producing sands of the northeastern Oklahoma fields, 
for instance, the Bartlesville and Cleveland sands, are known to be 
continuous over large areas and can be depended upon with some 
degree of certainty. Drilling in any locality should be carried to 
a sufficient depth to reach the lowest productive sand, unless this 
depth is so great as to be impracticable. Even if production is 
found in the higher sands the deeper sands should be tried out in 
some welts at least. 

The advantage of knowing the position of the productive 
sands and the depth at which they are to be expected is shown by 
two examples that recently came to the writer's knowledge. In 
one case a well was drilled a considerable distance farther east 
than any work previously done by those connected with the under- 
taking. The hole was carried to a depth of about 2,000 feet in 
search of the Bartlesville sand, when, in fact, this sand was passed 
through at a depth of about 700 or 800 feet and about one-half of 
the hole was in the Mississippi lime and the rocks beneath it. Ih 
another case a well was started even lower than the one just 
mentioned, so that it was not over 100 feet to the Mississippi lime. 
The hole was drilled to a considerable depth in the hope of strik- 
ing the sandstones which are productive farther to the northwest. 
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What is probably the lowest of these productive sands, outcrops 
as a range of hills a few n<iles to the west of the location of the 
well. In either of these cases even a general knowledge of the 
geology of the region would have saved the parties drilling the 
wells considerable sums of money. 

Value of WUd-Catting — In some places it is practically impos- 
sible to get much aid from geology in determining whether or not a 
certain locality, in a region which is in general an oil and gas region, 
is particularly favorable for development. Some of these cases are 
where the surface rocks are so soft that they weather down without 
giving good exposures; in places where the accumulation is in lenses 
of sand which are included in shale without giving any surface indi- 
cations (fig. 9) ; and in places where the accumulation is largely con- 
trolled by variations in the coarseness of the sand. The possibility 
that these conditions may occur gives considerable justification for 
what may be termed rank wild-catting, although the chances- for find- 
ing production are much less than in localities where the structure 
can be made out and the more probable places selected. Even In 
such places a knowledge of the general geology of the region should 
be of great assistance to the prospector in deciding whether or not 
he wishes to take the chance of drilling in the unproved territory. 

In drilling such wells careful records and sets of samples of 
cuttings should be kept since these are of great value in determin- 
ing the geologic conditions and may show the advisability of further 
prospecting. 

DRILLING. 

Two methods of drilling are used in the Mid-continent fields: 
the standard or cable tool system and the rotary system. In some 
cases, both systems are used in one well and this practice may be 
called a third — ^the combination system. 

Standard or Cable Tool System. 

Drilling by this system is accomplished by alternately raising 
and lowering a heavy weight of tools so that they strike blows 
upon the formation to be penetrated and pulverize it. The pulver- 
ized material is removed in water. 

The necessary outfit consists of a boiler, engine, derrick or rig, 
crown block, toots and accessories, sand line and reel, and drilling 
cable. 

The boilers and engines used vary considerably in different 
fields. The boilers used in the Mid-continent fields are practically 
all horizontal tube boilers of the locomotive type. Both boilers and 
engines are of portable size, and are moved from one location to 
another as the wells are finished. 
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The rig consists of the derrick proper, and the necessary 

foundations, wheels, the samson post, walking beam, and pitman. 

A side elevation of a 

standard rig is shown in 

fig. 24, 

The derrick generally 
used in the Mid-continent 
field is 84 feet high. 

The tools in common use 
consist of the rope socket, 
drilling jars, drill stepi, 
and bit, which are all joined 
together by box and pin 

screws. Together the tools 

are known as a "string." 
The rope socket (fig. 25) 
has an opening from the 
top to the side. The open- 
ing at the top is cylindrical 
and of the size of the rope 
or cable to be used. The 
one on the side is elliptical 
and somewhat larger. To 
attach the socket, the end 
of the rope is passed into 
the cylindrical opening and 
on out of the larger ellipti- 
i cal opening. Then the cable 
is unraveled for a distance 
of several inches from the 
Kia, 24.— stumiiiiii ii;; end and more material is 

skillfully plaited between 
the strands of the cable thus increasing the diameter of the end so 
that it is firmly held in the opening through the rope socket. 



Fig. 23.— Rope socket. 



—Rope socket lor i 



Devices other than the one just described are used but they 
are all similar. A socket for wire cable is shown in fig. 26. 

The jars (fig. 28) are interlocking links or reins. In drilling 
they slip down over each other a short distance as the blow is de- 
livered and, as the tools are lifted, the upper strikes the lower with 
a sharp blow which will loosen the tools from the bottom of the 
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hole. The jars are very valuable in preventing the breaking of the 
cable by the bit becoming fast in the rock which is being pene- 
trated. 

The stem (fig. 27) is simply a cylindrical bar which gives 
weight to the string. 

The bit (fig. 29) is a very heavy piece of steel with the 
bottom end shaped and sharpened to make it an effective cut- 
ting tool. Channels on the side form a passage upward for 
the cut-up rock material which is churned up with the water 
which is kept in the hole while drilling is going on. 

An additional tool which is sometimes used is the 
sinker bar which is similar to the stem but only about 
one-third as long. When u?ed it is usually placed be< 
tween the rope socket and the jars. 
, Although not a part of the ordinary "string" of 

tools, the under-reamer (fig. 30) is much 
used in the Mid-continent fields, and may 
be used as a part of a "string." It consists 
of a section similar to a portion of drill 
stem but hollow for part of its length and 
containing a spring which opens a pair of 
"knives" or lugs with which the instrument 
is provided. These are closed when the 
reamer is passed through the casing but 
open below it. They tut away the walls of 
the hole making it of slightly larger dia- 
meter than that of the bit so that the cas- 
ing may be carried to greater depth. 

The pulverized material is removed by 
a bailer (fig. 31) which is a shallow cy- 
linder with a valve at the bottom. The 
bailer is lowered into the hole, after the 
i.< .,u ..^ .M. string of tools is removed, and is churned 

i-iK«t. tlgJn. rig £1), ., . ,, I.I 1 • .J 

Stem. Jars. Bit. SO that the pulverized rock is mixed up 

with the water in the hole, and the mixture 
is forced up into the bailer through the valve. When the bailer is 
lifted the valve closes and the filled boiler is elevated to the surface. 
It is emptied by up-ending it or by resting the bottom projection 
of the valve on a solid object, such as a board, which opens the valve 
and lets the contents of the bailer escape. The bailer is handled by 
means of a light cable, the sand line, which is wound on a reel known 
as the sand reel. 

Accidents such as the breaking of the drilling cable or the 
.«and line, or the collapse of the walls of the hole or of the casing 
are common in drilling and many varieties of fishing tools are 
used to recover the string of tools or the bailer when they are lost 
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in the hole. These 
tools are often made 
especially for the sit- 
uation in which the 
tools stand in the hole 
but certain standard 
types are used in al- 
most every fishing op- 
eration. For removing 
the string of tools, dif- 
ferent forms of sock- 
kets which slip down 
over the rope socket 
of the lost string and 
take a firm hold, by 
means of slips or a IB! 
friction held are used. iWu 
The jar knocker or J L 
bumper (fig. 32), is Ky 
used to loosen the y\^, 31. 
tools when they have BuIIit. 
become caught under 
the casing. The spud (fig. 33) 
is used to loosen the materia! 
around the tools when they are „, _ ..., 
caught in a cave in. The jar knockfr 
Flit. .to. — Under- Swedge {fig. 34) is forced ("■ Immper. 

rpfliiHT. through casing which has col- fir. xt. 

lapsed to restore it to its original diam- ^P'"i- 
eter and is also passed through new strings of casing to 
insure that they are of the proper diameter to permit the free pas- 
sage of the bit. 

Other accessory tools are the casing-cutter (fig. 35) and cas- 
ing-perforator (fig. 36.) The casing-cutter is lowered into the cas- 
ing on a string of tubing to the point where the casing is to be cut. 
Then a wedge is forced down into the cutter body which forces the 
knives out against the casing which is cut by rotating the tubing 
with the cutter. The perforator has perforating points which are 
held back from the casing until the proper point is reached when 
they are released by a spring arrangement. The casing can then 
be perforated by raising and lowering the perforator. 

The rope spear (fig. 37) is used to grapple for cable or sand 
line which has been lost in the hole. 

All the tools and accessories described above are made in various 
sizes to fit the different sizes of casing used in drilling. Where 
drilling is carried to considerr.ble depths and several sizes of casing 
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are used, it is necessary to have four or five com- " 
piete strings of drilling tools and seta of acces- 
sory tools. 

In drilling, power is communicated to the 
band wheel by a belt from the engine. The bull 
wheels, on which the drilling cable is coiled are 
driven by a rope pull from a pulley on the band 
wheel shaft. When drilling is under way, the 
operation may be described as follows : 

The tools are suspended over the hole by the 
cable which passes upward over a pulley in the 
crown block and down to the bull-wheels. The 
bull-wheels are disconnected from the drive by 
throwing off the rope. A heavy brake-band 
Ki;:. :n. passes over one of the bull-wheels, and is fast- 
swedge. ened to the floor of the derrick behind the 
wheels and to a lever which is fastened to the 
floor in front of the wheel. On releasing this lever, the bull- 
wheels are revolved by the weight of the tools which fall 
down the hole very rapidly. When they have reached the 
proper position for drilling, the brake-band is tightened by 
means of the lever which is chained down to the floor. Then 
the pitman of the walking-beam is fastened on the wrist-pin 
of the band-wheel, the cable is secured in the clamp of the 
temper-screw, a few feet of slack cable are run off from the 
bull-wheels and the engine started. Each revolution of the 
band-wheel raises and lowers the tools in the hole, and the 
bit striking the rock at the bottom, cuts it away. The bit is 
kept hitting on the bottom by letting down the temper 
screw. The tools are rotated by the driller turning the 
cable by means of a short lever. After the 
temper-screw is let out to its limit, the engine is 
stopped, the slack taken up by turning the buU- 
I wheels so that the weight of the tools is on the 
r crown block, the brake tightened, the rope-drive 
' thrown on, the temper-screw clamp released, the 
pitman taken off the wrist-pin and set down on 
the floor, which throws the inner end of the 
walking-beam upward and out of the way, the 
temper-screw is hooked back out of the way. 
Then the engine is started and the tools elevated 
from the hole. After they have cleared the casing 
they are hooked back and out of the way. The 
bailer is lowered to the bottom of the hole and 
"churned" on the sand-line in order to fill it 
completely with the water and cuttings and is 



Casing 

Derforatur 



Fig. 35. 
CafilDK 
cutter. 



I'iK. .37. 
Rope spear 
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then removed and emptied. The bailer is run often enough to clear . 
the cuttings from the bottom of the hole and then some water is 
poured down the hole and the tools run down as before. 

Barring accidents and the running of new strings of casing, 

these operations are 

repeated monotonous- 
ly until the well is to 
the required depth. 

It is frequently nec- 
essary to remove the 
bit from the stem and 
replace it by one 
which has been fresh- 
ly dressed or sharp- 
ened. The bit is loos- 
ened by powerful 
wrenches, operated by 
a lever on the derrick 
floor, and can then be 
removed by hand and 
the new bit put on 
while the hole is be- 
ing baled. The joint 
is tightened by the big 
wrenches before the 
tools are lowered. 

Portable Ouftts — 
For drilling to moder- 
ate depths, say to 1,- 
500 feet or less, port- 
able drilling rigs 
mounted on wheels 
are used extensively. 
The method of drill- 
ing does not differ 
materially from that 
used with the Stand- 
ard rig. A portable 
drilling outfit is 
shown in fig. 38. 
which shows practi- 
cally all the details. 
These outfits are com- 
monly known as 
"Star" rigs in the 
Kansas and Oklahoma 
fields. 
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Casing — Casing of several different sizes is used in drilling by 
the cable-tool system. Drilling can not be carried on successfully 
with nfiuch water in the hole, and, in addition, there is danger of 
forcing back any oil in the strata penetrated if the hole is full of 
water. Therefore it is necessary to case off the water sands as they 
are penetrated. Also, in drilling in very soft formations there is 
constant danger of the walls of the hole caving, and, to prevent this, 
the casing must follow the drill closely. 

The number of strings of casing used in a well depends upon the 
depth, the number of water horizons and the nature of the forma- 
tions. A well deeper than 2,000 feet may use several strings of cas- 
ing. The conductor may be 15 or 16 inches in diameter, the next 
string is usually 12i/o inches, the next 10 inches; the next S'/, 
inches; the next 6% inches; and the next 5% inches. In some 
wells, a 4-inch casing is used. 

In most cases, the outer strings of casing are pulled after the 
well is completed and may be used again. If the well ia a failure, all 
the casing may be pulled. Very often the casing becomes "frozen"; 
i. e., the material outside it settles so tightly that the whole string of 
casing cannot be moved. In this condition the casing may be cut 
by the casing-cutter or shot in two by a small charge of nitro- 
glycerine and the upper portion of it recovered. 

The casing is handled by means of a cable passing over a pulley 
in the crown block in the same way as the tool cable or the sand 
line. The casing is supported in the hole by means of a clamp which 
is fastened under the collar of the casing. A clamp is shown in fig. 
39. Another form of clamp has two bails or handles and is used 
in elevating or lowering the casing. This form of clamp is known 
as an elevator. 

Packing — The shutting off of water is a very 
important feature of drilling by the cable-tool 
system. To render the joint between the cas- 
ing and the surrounding rock water-tight, pack- 
Fin. M. — <'ji!'iiiB fi'*8 are used. The original packers were leather 
otainp. bags filled with flax-seed which were packed 

around the casing just above the water sand. The 
swelling of the seed forms a water-tight joint. Patent packers are 
used which generally depend on the expansion of rubber cylinders in 
a similar way. The casing may be cemented into the rock, if it is 
not desired to pull the casing later. 

Hydraulic Rotary System. 

In very soft and unconsolidated rocks, it is impossible to carry 
on drilling operations advantageously with the cable-tool system on 
account of the constant caving of the walla of the hole. In such 
localities, the hydraulic rotary system is used. 
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The rotary equipment uses the same type of boiler, engine and 
derrick as the cable-tool system. The derrick is usually taller and, 
generally, is not built so strongly. 

Drilling is accomplished by a bit at the end of a drilling stem, 
which is composed of lengths of pipe screwed together. The top 



Fig. 40.— Botary. 

length of pipe is square, the remainder is round. The drilling stem 
is removed to set casing and to sharpen or change bits. The re- 
moval is accomplished rapidly, the stem being separated into 
sections of four or five pipe lengths, and stood back in the derrick. 
The drilling stem and bit is rotated by means of a rotary which 
is shown in fig. 40. It consists simply of a rotating table centered 
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over the hole and driven by a chain drive. The 

square section of the drill stem is clamped into the 

rotary. 

The walla of the hole are kept from caving by 

means of circulating mud, which is forced by 

pumps through a swivel at the top of the drill stem, 

down through the stem, and back on the outside of 

the stem. The circulating mud "plasters up" the 

walla of the hole so that they will stand while the 

drilling stem is being removed and the casing set. 

As the mud comes back to the surface it is led 
through a flume, where the sand and 
coarse cuttings settle, back into the mud 
pit whence it is again pumped through 
the hole. 

The ordinary or fish-tail bit (flg. 41) 
can make very rapid progress in uncon- 
solidated rocks but is valueless for drill- 
ing in hard rock. For the latter purpose, 
three different types of bits have been de- 
veloped. The drag or admantine bit (fig. 
F^sil-ftVi ^^* ^^^ ^^^ drilling points turned in the 
" '' " opposite direction from those of the fish- 
tail bit. Admantine or chilled shot is "■"■ ■'^-"'■'"= ""■ 

thrown into the hole and the bit dragging this over the rocks wears 

It away. The Sharpe-Hughes bit (figs. 43 and 44) consists of two 

rotating cones which have many cutting edges. The core-barrel is 

shown in (ig. 45, which is self-explanatory. Chilled shot are used 

as the cutting agent as with the drag-bit. 

Casing is handled as in the cabie-tool system but 
only one or two strings are needed in most wells. 

Combination System. 

In regions where 
the drilling must pen- 
e t r a t e considerable 
thickness of both very 
hard and very soft 
rocks, a combination 
of both the cable-tool 
and the rotary sys- 
tems is used. The der- 
rick is constructed so 

as to accommodate the Fig. 44. — siimiK-HuKiics 
tools and equipment ruriny iiit sminhi^ driiiiut: 
for both methods. snrfacr-s. 
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Hydraulic Cirevlating System. 

Recently the principle of the circulating mud column has been 

applied to the cable-tool system. The mud is pumped through a 

hose and a circulating head, down through the casing and returns 

on the outside of the casing. The casing must follow the bit quite 

closely in order to give the mud column 

force enough to wash out the cuttings and 

this makes drilling by this process very 

slow. 

Production. 

After oil has been found in a well, 
the production is a very simple matter. 
The well may flow naturally, in which case 
all that is necessary is to provide the 
proper flo'w lines and tankage. 

Most wells do not have sufficient pres- 
sure to flow and must be pumped. A string 
of tubing, two or three inches in diameter, 
with the pump barrel at the bottom is 
lowered into the well and anchored at the 
surface. Rods passing through the tub- 
ing operate the pumps. The rods are ac- 
tuated by the walking beams of the drill- 
ing rig in newly finished wells, and by 
pumping jacks for the older wells after a 
sufficient number have been completed to 
make the installation of a pumping power 
advisable. A pumping jack is shown in 
fig. 46, and its action is apparent from the 
figure. 

Where several wells are to be pumped 
in a small area, a pumping power is in- 
stalled. These powers are of several dif- 
ferent types. The most common type con- 
sists of a horizontal wheel driven by a belt 
from a gas or gasoline engine. Eccentrics 
below the wheel give an oscillatory motion 
to the pulls attached to them and so oper- 
ate the pumping jacks. The jacks are 
connected to the powers by means of 
jointed rods of iron or steel, known as 
sucker rods. These are held off the ground 
by posts which carry them in straight lines 
between the power and the jack. The tops 
Fig. 45.— Core-barrel. of the posts are cut into a V in which the 
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rods rest. The use of the angle irons, similar to a jack, but op- 
erating in a horizontal plane, makes it possible to pump wells sit- 
uated in all directions from the power. 



Fig. 46. — Pamping jack. 

The production of oil wells may be increased by "shooting", 
which consists of the explosion of a charge of nitro-glycerine in the 
producing sands. The nitro-glycerine is carefully lowered into the 
wells in cylindrical cans. The charge is exploded by dropping a 
weight upon it or by a fuse. The amount of nitro-glycerine varies 
greatly with conditions ranging from 10 to 200 quarts or even more. 
Considerable care must be used in placing the charge since there is 
danger of shattering the rock above the sand and allowing water 
to "drown out" the oil, or else caving the hole. The casing is us- 
ually pulled up several feet before the shot is flred to avoid injur- 
ing it. 

The action of the nitro-glycerine is to shatter the oil sand so 
that larger migration channels are opened in it and the oil can flow 
more rapidly into the well. Shooting is most valuable in hird, close- 
grained oil sands. 

Old wells whose production has become very low may often be 
"brought back" by cleaning out. The pores in the oil sand become 
clogged with mud or by the deposition of salts from solution, or by 
deposition of paraffine from the oil itself. The deposition of par- 
afhne is probably the greatest cause of the clogging of the sand. It 
may be removed by the action of steam forced into the well. A 
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small charge of nitro-glycerine also has the effect of clearing the 
sand, probably as much on account of the heat developed by the 
explosion as by its shattering action on the oil sand. 
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CHAPTER IV. 

THK GEOLOGY OF THE MID-COXTIXEXT FIELDS. 

The Mid-continent oil and gaa fields, as considered in this book 
include all oil and gas developments in Kansas and Oklahoma, those 
in Texas— with the exception of the salt dome fields of the Gulf 
Coast — and the fields of the Sabine uplift in northwestern Louisiana. 

GENERAL GEOLOGIC FEATURES OF THE MID-CONTINENT 
FIELDS. 

The rocks of Kansas, Oklahoma and Texas are predominantly 
sedimentary. Igneous rocks in quantity are known only in a buried 
granite ridge in Kansas ; in the Arbuckle and Wichita mountains in 
Oklahoma ; in the Llano-Burnet mountains in central Texas, in trans- 
Pecos Texas, and in small isolated areas in south-central Texas. 

The most striking feature of the areal geology of the three 
states is the broad belt of Pennsylvanian and Permian rocks, which 
occupies the eastern two-thirds of Kansas, nearly all of Oklahoma, 
and extends in a broad belt through central Texas to within a com- 
paratively short distance of the Rio Grande. These Pennsylvanian 
and Permian rocks have in general a westward dip, which varies 
from about 20 feet to about 100 feet to the mile along the eastern 
margin of their outcrop. This dip decreases to the west until the 
beds are flat, and in the extreme western part of the Permian out- 
crop the beds have a gentle east dip. In other words, the Penn- 
sylvanian-Permian rocks occupy a broad geo-syncline between the 
Ozark and Ouachita mountains (and possibly a third system of 
buried mountains farther to the south) on the east, and the Rocky 
mountains on the west. The Ozark, Ouachita, Arbuckle, Wichita 
and Llano-Burnet mountains bring older rocks to the surface, on 
the margin of or within the Pennsylvanian-Permian area. To the 
southeast and south of the Pennsylvanian-Pefmian area is a broad 
belt of younger formations ranging from Comanchean to Recent in 
age, which dip to the southeast at a rate of about 20 feet to the mile. 
To the west and northwest is another belt of Cretaceous and Ter- 
tiary rocks, which were derived from the Rocky Mountains and, in 
general, dip eastwardly away from the mountains. Trans-Pecos, 
Texas belongs to the Cordilleran (Rocky Mountain) geologic province 
and the geologic conditions vary widely from those in the remainder 



[69] 



r>' Google 



60 



Oil and Gas in the Mtd^ontinent Fields. 



of the area. Up to the present, only the Pennsylvanian-Permian and 
Cretaceous areas are important in oil and gas production (except for 
the dome fields) which are not considered in this book), but the 
geology of the whole area of the three states is given in some detail 
in the following pages. 



GEOLOGY OF KANSAS. 

The surface rocks of Kansas are all of sedimentary origin. Ig- 
neous rocks of probable pre-Cambrian age are known in a buried 
ridge, which extends east of north from northern Butler county to 
and beyond the Nebraska state line. 

Somewhat more than one-third of the area of the state, the 
eastern portion, is occupied by the outcrop of Pennsylvanian and 




Fig. 47. — Sketch map <>f Kuiisas sluiwiii;; areiil ge()l<ig.v, 

Permian rocks which dip very gently west and northwest. The 
western portion is- underlain by rocks of Cretaceous and Tertiary age 
which He very nearly flat but have a slight dip away from the 
Bocky mountains. The areal geology is shown in the accompanying 
sketch map (fig. 47) and also on the general map (PI. I.) 

The following table summarizes the stratigraphy of Kansas ; 



I Ret'eiit — AlluvluD], suu<l duuex. 
Qiiateniary J Plelstowne — Gliicliil deiwslts 

[ part ot state. 

UXfOXFOIlMlTY. 

f Pliocene f 

Tertiary iMi.Mvne jOgallaln— Urnvels. 



no rthe.n stern 



»n<ls nnd cla.vs 
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rXCOXFORMITV. 
f-Moiittinii I'i'.'rre shale. 

f N'lobriii-B — Limestone aud clinlh. 
i Colorado 



Coiiionclieiiii 

( I/)n-er Cre- 
. tnceoHB) 



LDakota Dnkotii—sn ad stone. 

UXCOXPOHMITV. 
'itshitn 






UXCONFOKMITY. 



Kiowii — shiile. 
heye nne — sb ndstoue. 



Cave Creek— BTpsuui and red sliiile. 

Knld — red shalea. 

Well liiBto 11— blue shales. 

Abilene conglomerate. 

Pearl shnle. 
JIarlon '\ Horiiijrton liineKtone. 

Enterprise slinle. 

I.iitn limestone. 

Win field limestone. 

Doyle fhnle. 

Fort Rile.v limestone. 

Florence flint. 

Matflei(1 shale. 

Wreforrt limestone. 

riarrison shnle. 



ell 



Col to 



n-oort 111 



Kskridge shnle. 
Neva limestone. 
F^lmdale shale 
American limestone. 
Admire shnle. 
I'^ui|Mrla llniestone. 
Willard .xbale. 
HiirlliiKame limestone. 

Sci-aiitou shale. 
Howard limestone. 
Severy aliale. 
Toiwka limestone. 
Calhoun shale. 
Deer Creek limestone. 
Twiiniseli shnle. 
T^ecomptou limestone. 
.Knnwakn sliale. 

iOre.ul limestone. 
Liin-renee shitle. 
latun limestone. 
Weston shale. 
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istimroti llmestoue. 
Vilas fdiale. 
■■tnttaltiin; limestone. 
. r^me ntinle. 

] |-;Iolii lluieatoiie. 

I 1 CliHuuti! shnle. 

; liriim IfDieKtnni;. 

J ;<'heriTva[R »tiHle. 

KiKiMiiM ; Wliiteraet llmeittoiie. 
I City :<!alpsbunt ebn\e. 
\. I iiethiin,v Pall§ liuieHtouo. 

■ Ijnl<)re Hliule. 

[Hertlia lluiestime. 



I'leaSHiitou Hbnle. 
Coffeyvlll? Iliuestime. 
Walnut filiDlp. 
Altiiiiiimt lliiiextoue. 
BiiiKlern Hhale. 
I'awuee lliiiestuae. 
l^ilN'tte Mluile. 
Fiiit Sciitt llniestrtiie. 

i:iliv, S!iinl»toiies 1111(1 Tcml. 
.if Ktnti'. 



rXCOXFOIt-MITY. 
Mlswl«sl[iiilan— IkMnie flifrt— in fxireuie Miutlifitsrei-ii i 
IXCfLXFOItMlTY. 



OnlovlHaii \j^, 
<'iiuibrliin J 



rXfOXFOUMITV. 
Pre<'auilirliiu — Ihifs not (iiitcrii]i. 

A very brief discussion of the formations, from the lowest up- 
wards, follows : 

PRE-CAMBRIAN BOCKS. 

The pre-Cambrian rocks certainly underly the whole state but 
do not outcrop within its boundaries. However, they come within a 
few hundred feet of the surface in a buried rid^e which extends east 
of north from northern Butler county, through Marion, Chase, Mor- 
ris, Wabaunsee, Riley, Pottawatomie and Nemaha counties and into 
Pawnee county, Nebraska. 

This ^anite ridge is extremely important from the standpoint 
of oil and gas production since it produces a pronounced structure 
which was considered as being very favorable for production until 
it was discovered that the granite came unexpectedly near the sur- 
face and cut out the possibly productive sands. 

The rocks immediately above the granite appear, from well rut- 
tings to be unaltered Pennsylvanian sediments so the granite seems 
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to represent an old land mass, which was submerged only in late 
Pennsylvanian times. The surface of the granite plunges off very 
rapidly to the east of the ridge but to the west the descent is much 
more gentle, since granite has been encountered in a well a consider- 
able distance west of the ridge. Along the ridge the surface of the 
granite is very uneven, and the elevations of the top of the granite 
in wells a short distance apart vary by hundreds of feet. The ma- 
terials of the "ridge" are those in general of typical red granite. 
Quartz porphyry and chlorite schist have also been identified. 

The following list gives some of the locations where granite has 
been encountered and the depths to the granite : 

ZeaiiilMli. SC1-. -27. T. HIS. 11. »K. aw fi-f 

ZeaiiUnlc Sw. at. T. llks. U. UK. It4.-| fwt 

Blimlal.' S<"C. ;H. T. 1»S. R. TK. 1.71)7 fwt 

Elmdale Spi-. :■. T. nis, U. 7K. l..S-(i fvct 

Welmuiisp.' ,'<i'c. 1. T. lis. It. 1IK. 1.17(1 fi'd 

(hlafra Sii:-. :14. T. IIS. It. 11 R. l.(B5 fi-et 

Council (;nn-p Sec. Hi. T. 17S. R. 7K. -^.Tittlt feet 

Coiwicll »;r.>vc Sfi-. U^. T. ir.S. R. 7F:. 2.51.1 feet 

Wuiu?j,'i Sec. 1'.'. T. 1»IS. H. lOK. -J^SOC) fefl (alxmt) 

Bums SK-. 24. T. atS. R. SK. 2.326 feet 

.\lto Vlstu See. a T. 13S. K. KK, 2.120 fei't 

Kfiieca Sec. :i4. T. 2S. R. V'K. SS(( fit'l 

Winkler Sec. 2. T, 7S.lt. TiK. 2.52i» feci 

The presence of granite so near the surface condemns much ter- 
ritory from the standpoint of production of oil and gas. The uncer- 
tainty as to the depth of the granite in most places on the west side 
of the "ridge" and the probability of the lower Pennsylvanian sands 
being absent makes prospecting in this area hazardous, except near 
the southern end of the ridge. On the east side of the ridge there 
is a better chance for production since the slope of the granite sur- 
face is much more rapid and the lower Pennsylvanian sands are 
probably present. 

LOWEK PALEOZOIC ROCKS. 

The Cambrian and Ordovician rocks at their outcrop in south- 
central Missouri and in Arkansas are 2,000-2,500 feet thick and they 
dip back northwestward under the Kansas area. However, they thin 
considerably to the northwest, since nowhere in southeastern Kansas 
or the adjacent portion of Oklahoma is the section between the 
Mississippian and the granite, as shown by well-logs, more than 
1,000 feet and it is usually much less. It is impossible to state which 
part of the exposed section is represented by the buried rocks in 
southeastern Kansas. These rocks are almost certainly absent over 
the granite "ridge" area and their presence to the west has not been 
proven. 

Silurian and Devonian rocks are not present so far as is known. 
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MISSISSIPPIAN SYSTEM. 
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A small area in the southeastern 
corner of the state is underlain by 
the Boone chert of Miasissippian age. 
This formation is the "Mississippi 
lime" of the drillers and is important 
as being the lower limit of oil pro- 
duction. Some gas is obtained from 
the formation in Chautauqua county. 
The Boone does not extend over the 
granite "ridge" and its extension to 
the west is problematic. 

PENNSYLVANIAN SYSTEM. 

The rocks of the Pennsylvanian 
system are the most important in 
connection with oil and gas since 
nearly all the accumulations occur in 
this system which also outcrop over 
most of the productive area. On this 
account the different members are 
noted individually, and their charac- 
ter, thickness and extent are given in 
summarized form. The nomenclature 
of Bulletin 3 of the State Geological 
Survey of Kansas is used throughout 
' and ^e information given is sum- 
marized from that report. The clas- 
sification generally adopted for the 
Pennsylvanian of Kansas is shown in 
the table on a preceding page and 
need not be repeated here. The for- 
mations and members are considered 
from the lowest upwards. 

Des Moines Group. 

The Des Moines group outcrops in 
a belt in southeastern Kansas, ex- 
tending from Montgomery county 
northeastward through Labette, 
Cherokee, Neosho, Crawford, Bour- 
bon and Linn counties. Its thick- 
,. ness varies from place to place, but, 
as a rule, is from 600 to 800 feet. It 
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is divided into two formations, the Cherokee shale and the 
Marmaton formations. A diagrammatic section of these formations 
is shown In tg. 48. 

Cherokee SA«/€— The Cherokee shale consists of a thickness of 
400 to 600 feet of shale, with irregular sandstone beds, a few thin 
limestones and thin coals. The sandstones of this formation- are' the 
source of most of the oil and gas in southeastern Kansas, and north- 
eastern Oklahoma. The most important sand, (or sand horizon) is 
known as the Bartlesville and has a wide extent. 

Mai'Ttiaton Formation — ^The Marmaton formation consists of al- 
ternating limestones and shales with minor amounts of sandstone 
associated with the shales. The limestones are persistent for long 
distances and they, as well as the intervening shales, are recognized 
as distinct members. 

Fort Scott limestone : consists of a lower limestone 5 to 18 
feet thick, a shale 7 to 8 feet thick, and an upper limestone 10 
to 12 feet thick ; total average thickness about 30 feet ; outcrops 
in narrow belt from Chetopa northeastward to near Fort Scott. 
Labette shale: consists of clay shale and sandy shale grad- 
ing into clayey sandstone, ranging in thickness from 20 to 60 
feet ; thickens to south. 

Patonee limestone: consists of massive, fine-grained lime- 
stone ; average thickness about 45 feet, outcrops in escarpment 
from west of Chetopa northeastward to near Fulton. 

Bandera shale: consists of clay shale, grading locally into 
sandy shale and sandstone and thin coal ; thickness from 60 to 
120 feet, thinning southward into. Oklahoma, where it pinches 
out near Oologah ; outcrops in belt 3 to 8 miles wide ; probably 
contains Peru oil and gas sand. 

AUamont lijtiestone : consists of hard, massive siliceous 
limestone; thickness from 3 or 4 to 10 feet, thickening south- 
ward into Oklahoma. 

Walnut shale : consists principally of clay shale with very 
little sand; thickness about 70 feet; width of outcrop 1 to 8 
miles. 

CoffeyviUe limestone: thin, persistent limestone, 8 to 10 
feet thick in vicinity of CoffeyviUe, thickens to north. 

Pleasanton shale: consists of shales, with sandstones and 
some thin, discontinuous limestones; average thickness about 
120 feet; probably contains producing oil sands in Paola and 
Rantoul fields. 

Missouri Group. 

The Missouri group is differentiated from .the underlying Des 
Moines group by the presence of more limestone, less sandstone and 
less coal, and by faunal differences. Locally the two groups are sep- 
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arated by an unconformity. The individual beds of the Missouri 
ffroup are more persistent and, as a rule, more uniform in thickness 
than those of the Bes Moines. The group outcrops in a broad belt 
west of the Des Moines group. The west boundary extends nearly 
southward from Marshall county to Cowley county. The total thick- 
ness in the central part of the state is about 2,000 feet, in the south- 
eastern part about 1,500. These rocks thin underground to the west. 
The group is divided into five formations, the Kansas City, Lansing, 
Douglas, Shawnee and Wabaunsee. 

Kansas City Formation — The Kansas City formation outcrops as 
an irregular but well-defined belt, trending west of south from Kan- 
sas City to Montgomery county and on into Oklahoma. The thick- 
ness varies from 200 to more than 300 feet. The columnar section 
of the formation is shown in fig. 49. The formation consists princi- 
pally of limestone and is divided into five limestones with four shale 
members as follows ; 

Hertha limestone: (Erroneously called Bethany Falls lime- 
stone in early Kansas reports) consists of thick-bedded gray, 
crystalline limestone ; thickness 22 feet at Uniontown, thinning 
to south and disappearing near Mound Valley ; forms pronounced 
scarp above Pleasanton shale flat. 

Ladore shale : consists of clayey or sandy shale grading lo- 
cally into shaley sandstone or limestone ; varies in thickness from 

3 feet at Kansas City to 40 feet or more near the Oklahoma 
line ; in south part of outcrop rests directly on Pleasanton shale. 

Bethany Falls limestone : consists of two beds, the lower 
thick-bedded, locally oolitic in the northern part of its outcrop, 
non-fossiliferous limestone; the upper, thin-bedded fossiliterous 
limestone; thickness 22 or 23 feet at Kansas City, thinning to 

4 feet at Mound Valley and disappearing farther south. 

Galesburg shale: consists of clay shale locally grading into 
sandy or bituminous shale; thickness 5 or 6 feet at Kansas City, 
thickening southward to 60 feet in northwestern Labette county. 

Winterset limestone: (Formerly called Dennis limestone), 
consists of blue, thin-bedded limestone with buff shale partings, 
with much dark-colored chert in upper part ; thickness about 30 
feet. . 

Cheti-yvale shale : consists of clay or limey shale with thin 
lenticular limestones; thickness 125 feet near south line of state 
decreasing northward to about 25 feet. 

Drum limestone: consists of oolitic limestone; varies greatly 
in thickness, from a very few feet to 80 feet. 

Chanute shale : consists generally of clay shale, but locally is 
represented almost entirely by sandstone, while in other places 
considerable limestone occurs in the formation ; some workable 
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Lansing Formation — The Lansing 
formation is separated from the Kan- 
sas City formation below by a marked 
fauna! break and from the Douglas for- 
mation above on account of lithologic 
differences. The outcrop is a rather 
narrow belt extending from the vicinity 
of Sedan, Chautauqua county, northeast 
to the vicinity of Leavenworth. The 
thickness of the formation is about 140 
feet in the north part of its outcrop 
and somewhat less toward the south. 
The Lansing formation consists of three 
shale and two limestone members. The 
columnar section is shown in fig. 49. 
Lane shale : consists princi- 
pally of clay shale, more sandy to- 
ward the top; average thickness 
about 50 to 60 feet but increasing 
to 150 feet to the south. 

Plattsburg limestone: (Called 
Allen limestone in early Kansas 
reports) generally consists of mas- 
sive, crystalline, fossiliferous lime- 
stone, breaking rapidly into small 
angular fragments and containing 
considerable chert in the upper 
part; thickness varying from 4 or 
5 to 75 or 80 feet in different 
parts of its outcrop and disappear- 
ing in Oklahoma and Missouri. 
Vilas shale: consists of clay 
and sandy shale showing a thick- 
ness of 125 feet at Vilas but 
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coals and other thin seams are 
present; thickness in south part of 
state about 100 feet, thinning 
northward to about 25 feet at Kan- 
sas City. 

lola limestone : consists of 
light gray somewhat crystalline, 
massive limestone ; thickness be- 
tween lola and Kansas City, 30 to 
40 feet, but thinning and disap- 
pearing to the southwest and 
northeast. 
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thinning: rapidly to the northeast and southwest to about 5 feet 
in northwestern Missouri and at Neodesha. 

Stanton limestone : consists of massive limestone beds sep- 
arated by thin, slaty beds with a total thickness varying be- 
tween 20 and 40 feet. The Stanton with the underlying Platts- 
burg forms a pronounced escarpment extending from near 
Caney northeastward through Neodesha, Altoona and Benedict 
and on into Missouri. 

Douglas Formation — The Douglas formation consists principally 
of shale with an important limestone member at the top and a thin 
limestone near the middle. The thickness of the formation varies 
from about 350 to 650 feet, the average being about 425 feet. The 
columnar section is shown in fig. 49. The formation includes four 
members. 

Weston shale : consists of sandy and clay shale with a thick- 
ness of 60 to 100 feet. 

latan limestone: (Called Kickapoo limestone in early Kan- 
sas reports) consists of thin and irregularly bedded to massive 
limestone, 15 feet thick in Doniphan county, but much thinner 
to the south. 

Laiprenee 8ha,le : consists of clay shale with much sandstone, 
and thin limestones and coal seams, 150 to 300 feet thick; it 
thickens and is nearly all sandstone in the southern part of its 
outcrop. 

Oread Umsatone: consists of three limestones and two 
shales. The lower limestone is massively bedded, buff to gray 
in color, and 8 to 12 feet thick ; the lower shale is blue or drab 
and 20 to 60 feet thick ; the middle limestone is less than 3 feet 
thick but is quite persistent; the upper shale is blue gray to 
black, bituminous, and 6 to 15 feet thick; the upper limestone 
is a thin-bedded, cherty, buff limestone 10 to 25 feet thick. The 
whole formation varies from about 50 to 70 feet in thickness. 
The Oread forms a pronounced escarpment above the soft shales 
underneath. 

Shavmee Formation — The Shawnee formation consists of alter- 
nating shales and limestones with the shales forming three-fourths 
or more of the formation. The total thickness is from 400 to 500 
■ feet. The columnar section is shown in fig. 50. Nine members, five 
shales and four limestones are recognized. 

Kanwaka shale : consists of clay shale and sandstone, with 
some thin seams of coal. The formation thickens and is more 
sandy to the south and has been called the Elgin sandstone near 
the Kansas-Oklahoma state line. The formation varies in thick- 
ness from 50 to 140 feet. 

Lecompton limestone : consists of thin limestone beds with 
shale partings having a total thickness of 15 to 30 feet. 
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Teeumseh shale : consists of 
sandy shale and shaly sandstone, 40 
to 70 feet thick. 

Deer Creek Urnestone: consists 
of three thin limestone beds separ- 
ated by shales, with a total thick- 
ness of 20 to 30 feet. 

Calhoun shale: consists princi- 
pally of blue-gray shale with some 
thin blue limestones; thickness about 
50 feet. 

Topeka limestone : consists of 
blue .and buff limestone with inter- 
bedded shales all weathering to 
buff, total thickness 20 to 26 feet; 
does not form strong escarpment. 

Severy shale : consists princi* 
pally of clay shale, but is locally 
quite sandy and contains some thin 
coal beds; total thickness 40 to 60 
feet. 

Howard limestone : consists of 
two limestone beds separated by I 
to 2 feet of shale; total thickness 3 
to 7 feet. 

SeraTUon shale : consists of clay 
ahale with sandy shale and sand- 
atone; thickness, 160 to 200 feet. 

Wabaunsee Fomuition — The Wa- 
baunsee formation consists of eight mem- 
bers, four ' limestone and four shales. 
The total thickness is about 600 feet. 
The columnar section is shown in fig. 50. 

Bttrlingame limestone : consists 
of two massive limestone beds sep- 
arated by a thin shale; total thick- 
ness 7 to 12 feet. 

Willard shale: consists of blue 
and yellow shale with thin friable 
limestones ; thickness 46 to 55 feet. 

Emporia limestone : consists of 
two hard, blue limestones separated 
by about 4 feet of shale; total thick- 
ness about 9 feet. 

Admire shale: consists of a suc- 
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cession of shales and sandstones with 
some thin limestones ; total thickness 
about 300 feet. 

Americus limestone: consists of a 
single bed of limestone about 9 feet 
thick. 

Elmdale shale ; consists of varie- 
gated shales with thin limestones ; 
thickness about 130 feet. 

Neva limestone : consists of two 
beds of massive bluish gray limestone, 
each about 4 feet thick separated by 4 
feet of shale. The formation thins to 
the north, and thickens and grades 
into sandstone in Oklahoma. 

Eakridge shale: consists of green, 
brown and yellow shale about 30 feet 
thick. 

PERMIAN SYSTEM. 

The Permian system in Kansas out- 
crops in a triangular area with its apex to 
the north, west of the Fennsylvanian area. 
The rocks lie conformably on the Fennsyl- 
vanian below and pass unconformably under 
Comanchean and Cretaceous rocks to the 
west. The system is divided into two dis- 
tinct groups: (1) the lower or Big Blue 
group, consisting of marine limestones and 

, shales generally similar to those of the un- 
derlying Fennsylvanian ; but with the lime- 
stones more cherty and the shales generally 
less bituminous; (2) and the upper or Cim- 

, arron group consisting of principally non- 
marine Red-beds with important gypsum 
beds. The classification is given on a pre- 
vious page. 

Big Blue Group. 

The Big Blue group, consisting of the 
non-red marine limestones and shales of 
the Permian is divided into four forma- 
tions, the Council Grove, Chase, Marion and 
Wellington. The columnar section of the 
series is shown in fig. 51. 
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Council Grove Formation — The Council Grove formation consists 
of one limestone and one stiale member. 

Cottonwood limestone : consists of light gray to buff, mas- 
sively bedded limestone containing enormous numbers of Fusu- 
Una seeedica in the upper part. It extends entirely across the 
state with very little lithologic change. The average thickness 
is about 6 feet. 

Garrison limestone and shale: consists of yellowish shales 
with intercalated thin limestones; thickness 135 to 150 feet. 
The member contains one gypsum bed. 

Chase Formation — The Chase formation consists of cherty lime- 
stones and shales. The outcrop produces the topographic feature 
known as the Flint Hills. The total thickness is about 230 to 275 
feet. It is made up of six distinct members. 

Wreford limestone: consists of massive limestones and 
chert. In most places it has an upper and a lower cherty bed 
with a middle bed of purer limestone. In places this bed is re- 
placed by shale. The entire thickness is 35 to 50 feet. 

Hatfield shale : consists of 60 to 70 feet of vari-colored ahale 
with thin shaly and cherty limestone. 

Florence flint: consists of very cherty limestone with a 
band of white cellular limestone near the middle; thickness 
about 20 feet. 

Foi't Riley limestone ; consists of massive buff limestone 
with thin shaly layers. The outcrop is distinguished by numer- 
ous small sink holes. The thickness is about 40 to 45 feet. 

Doyle shale : consists of vari-colored shale with thin lime- 
stone layera ; thickness about 60 feet. 

Winfield limestone: consists of two massive, cherty lime- 
stone beds separated by yellowish shale. The thickness in the 
southern part of the outcrop is 20 to 25 feet, but it thins to the 
north. 

Marion Formation — The Marion formation is similar to the 
Chase but the limestones are less cherty and it is faunally distinct. 
The presence of limestones, and its fossiliferous character, as well as 
the absence of salt distinguish it from the overlying Wellington. The 
outcrop produces a rolling surface, as distinguished from the promi- 
nent escarpments of the Flint Hills to the east. The formation has 
a thickness of about 150 feet and has been divided into five members, 
which have been mapped through only a portion of their outcrops. 

Luta limestone : consists of more or less cellular, soft, gray 
limestone, with siliceous geodes and some cherty . bands. The 
Luta is about 30 feet thick in the central Kansas, but it thins 
to the south disappearing about the Kansas-Oklahoma line. 
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Enterprise shale : consists of variegated shales about 35 feet 
thick. 

HeHngton limestone: conaiats of massive buff fossiliferoua 
limestone, 12 to 15 feet thick. 

Peai-l shale : consists of about 70 feet of soft green, blue and 
reddish shale. 

Abilene conglomerate : is an irregular, somewhat conglom* 
eratic limestone which near Abilene is a calcareous conglomer- 
ate containing some sand and sandstone pebbles. Near Hertngton 
and Marion, it is a heavy, hard, perhaps dolomitic, stone com- 
posed of orange, yellow and gray masses firmly united in a light, 
gray cementing material. 

Wellington Formation — The Wellington formation, consisting of 
blue, gray and slate colored shales with important salt beds in the 
tower portion, makes up about half of the Big Blue series. There 
are thin, soft sandstone beds and rarely, thin lenticular limestones, 
but no beds sufficiently resistant and persistent to permit the for- 
mation being sub-divided into members. The outcrop is triangular 
in shape with the apex about Smoky Hill river and ^e base along 
the Kansas-Oklahoma state line. In the southern part of the out- 
crop, the formation passes under the Redbeds but farther north is 
covered by the overlap of Cretaceous beds. The thickness of the 
formation is difficult to determine but, as shown by well logs, is 
about 800 feet in the southern part of its outcrop decreasing to 
about 500 feet to the north. The salt beds are contained in the lower 
part of the formation, which does not outcrop. 

Cimarron Group. 

The outcrop of the Redbeds in Kansas is the northward exten- 
sion of the great belt of Redbeds rocks of Texas and Oklahoma. The 
group is much thinner in Kansas than to the south, where the con- 
ditions favorable 'for the deposition of Redbeds began much earlier. 

The whole group consists of red shales, with soft and generally 
lenticular, red to white sandstones, and with several beds of gypsum, 
some of which are persistent for many miles. One dolomite bed also 
extends for a great distance along .the outcrop in Oklahoma and 
Kansas. 

The group is subdivided into formations and members but these 
have, as yet, little or no connection with oil and gas production. 
Therefore only the briefest statement of the classification is given. 

The Cimarron group in Kansas is divided into four formations, 
and these into twelve members as follows (beginning at the bottom.) 

Enid Formation. 

a. Harper sandstone, soft red sandstones and red sandy shale 
300 feet. 
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b. Salt Plain shale, red, saliferous clay shale, 155 feet. 

c. Cedar Hills sandstone, hard, bri8:ht red, fine-grained sand- 
stone, 50 to 60 feet. 

d. Flowerpot shale, variegated shales, mostly red, gypsiferous, 
100 feet. 

Cave Creek Formation — (Blaine formation of Oklahoma.) 

a. Medicine Lodge gypsum, massive, fine-grained to selenitic 
gypsum, 2 to 30 feet. 

b. Jenkins shale, red clay shale, 5 to 50 feet. 

c. Shimer gypsum, selenitic to massive gypsum, 4 to 25 feet. 

Woodward Formation. 

a. Dog Creek shale, dull-red, clay shale, 30 feet. 

b. Whitahorse sandstone, very fine, cross-bedded, red to gray 
sandstone, 175 to 200 feet. 

e. Day Creek dolomite, hard, white to pink dolomite, 1 to 5 
feet. 

Greer FormaMon. 

a. Hackberry shale, maroon clay shale, 20 feet. 

b. Big basin sandstone, red to gray sandstone, 12 feet. 

COMANCHEAN (LOWEE CRETACEOUS) SYSTEM. 

Rocks of the Comanchean system outcrop in a narrow belt in 
Barber, Comanche, Ktowa, Clark and Meade counties. These beds 
appear to represent the upper part (Washita division) of the great 
series of Comanchean rocks in Texas, and small isolated areas of 
rocks of the same age in western Oklahoma indicate that the series 
was once continuous between Kansas and Texas. A small area of 
rocks along Smoky Hill river in Saline and McPherson counties is 
probably of the same age as the larger body farther south. 

The Comanchean rocks of Kansas are divided into two forma- 
tions : 

1. The Cheyenne sandstone which lies unconformably on the 
Redbeds, consists of rather coarse-grained, friable sandstone, usually 
grray to white in color, but locally mottled and striped with brighter 
colors. The outcrop is rugged and carved into various striking ero- 
sional forms. Fossil wood and imprints of leaves are common. The 
thickness varies from about 40 to 70 feet. 

2. The Kiowa shale lies conformably on the Cheyenne sand- 
stone, where the latter is present, but in part of the area, rests di- 
rectly on the Redbeds. The lower part of the formation is calcar- 
eous shale or argillaceous limestone filled with invertebrate fossils; 
this grades upward into dark, laminated, clay shale and this into 
yellowish or pinkish limestones. The average thickness of the for- 
mation is about 125 feet with an observed maximum of 150 feet. 
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CRETACEOUS SYSTEM. 
The rocks of the Cretaceous system cover large areas in north- 
central Kansas and appear in smaller tracts and outliers in several 
places in the western part of the state. The system consists of clay 
and sandy shale, chalky limestone and sandstone in order of impor- 
tance. The thickness of the system in Kansas is about 1,300 feet. 
The Cretaceous rocks are divided into four formations, two of 
which are divided into members. The classification is as follows: 
CrelnccrmK Sunt cm 
Pierre Sbule 
Xluhrarn foruintlou 

Smoky Hill cbalk metiiber. 
Fort Hays limestone member. 
Be»t<)u fornutiou 

('iirlile sbule luenibei-. 
(ireeiihoni llDientune uwiulier. 
(■raiieroii8 sbtile iiienil)er. 
Ihtkiita ^iiilstoiie 

Dakota sandstone — The Dakota formation outcrops in a belt 
from Washington county south and southwest to Arkansas river in 
Rice and Barton counties, and up the Arkansas to Ford county. It 
appears in patches along the Cimarron and its tributaries in the ex- 
treme southwestern part of the state. The formation rests upon the 
eroded surface of the Redbeds or the Comanchean rocks in the 
southern part of the state and on the Wellington formation farther 
north. 

The Dakota consists typically of massive sandstone but contains 
considerable shale irregularly distributed and, in the upper portion, 
some gypsum and lignite. The formation is the great water-bearing 
horizon of the northern Great Plains, but so far, has not been an 
important oil or gas producer. The total thickness ranges from 200 
feet to more than 300 feet. 

Benton formation — The Benton formation outcrops in a broad 
belt of gently undulating country from Washington and Republic 
counties on the north to Ford, Hodgeman and Kinney counties in the 
southwest. Here it passes under the Tertiary beds but reappears 
along the Arkansas river in Kearny and Hamilton counties. The 
formation consists principally of shale, with intercalated sandstones 
and limestones. The total thickness varies but averages about 400 
feet. The Benton formation in Wyoming, where it is much thicker 
than in Kansas, contains sandstone members which are important 
oil producers, but no production has been had from the Benton for- 
mation in Kansas. The Benton is divided into three members. 
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1. Graneros shale: consists of dark, clay shale, rather bitu- 
minous and slaty. It is only 20 to 30 feet thick in central 
Kanses but thickens rapidly toward the west. 

2. Greenhorn limestone: consists of calcareous beds, including 

limy shale, soft, chalky limestone, and thin beds of hard, re- 
sistant limestone. The thickness varies from 40 to 60 feet. 

3. CarUle shale : consists almost entirely of shale with some 

thin limestone beds. The lower part is quite fossiliferous, 
and has a thickness of 150 feet. 

Pierre Shale — Although the Pierre shale underlies all of north- 
western Kansas, it is in most cases covered by Tertiary beds and 
outcrops only locally. The formation consists of dark, bluish, gray 
shale, weathering to a brownish color. The maximum thickness in 
Kansas is not more than 200 feet. 

TEBTIARY AND LATEB DEPOSITS. 

An area of several thousand square miles in western Kansas is 
covered by a mantle of sand, gravel, and limy clay which is classed as 
the Ogalalla formation, of Pliocene and possibly of late Miocene age. 
These beds are in most places more or less cemented by calcium car- 
bonate forming what are known as "mortar beds." The thickness 
varies from practically nothing to 300 feet or more. There are no 
well deiined stratigraphic horizons in the Tertiary beds and it is im- 
possible to determine anything as to the structure of the underlying 
rocks from the study of the surface. Except for their hiding any 
structures which may exist in the lower rocks, the Tertiary beds 
are unimportant in regard to oil and gas. 

QUATERNARY DEPOSITS. 
The Quaternary deposits of Kansas may be grouped as follows : 

1. Glacial drift — This is a mixture of sand, clay, pebbles, cov- 
ering all or parts of nine or ten counties in the northeastern 
comer of the state. The larger streams have cut through 
the drift to the Pennsylvanian rocks beneath but much of 
the territory is so thickly covered that it is impossible to de< 
termine the structure of the Pennsylvanian rocks. 

2. Pleistocene river deposits — Extensive deposits of sand, grav- 
el and clay deposited during Pleistocene times are present 
along the major streams. One of the most important of these 
deposits occupies parts of Marion, McPherson, Harvey and 
Reno counties, and is known as the McPherson beds. 

S. Loess — Wind blown material of glacial origin occupies large 
areas in the region of the glacial drift and in the Tertiary 
region in northwestern Kansas. 
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4. AUuvium — AH Kansas rivers have broad valleys which are 
filled with clay, sand and gravel. 

5. Sand dunes — These cover large areas in western Kansas 

principally along the south side of Arkansas river from 
Ford to Reno county. 

All the Quaternary deposits are important in oil geology only 
from their covering the bed rocks and preventing any determination 
of structure. 

GEOLOGY OF OKLAHOMA. 

The surface rocks of practically all Oklahoma are sedimentary 
and, except in relatively small areas, are not greatly disturbed. The 
northeastern corner of the state is part of the Ozark mountain re- 
gion and the rocks dip to the southwest, west and northwest away 
from the center of the uplift. Most of the rocks in this area are of 
Mississippian age. The general westward dip continues to the west 
into the area of the Pennsylvania rocks and into the Redbeds area 
for some distance. In the western part of the Redbeds the rocks are 
very nearly level or dip slightly to the east. In the southern part 
of the'state are three mountain groups, the Ouachita, Arbuckle, and 
Wichita mountains. These mountain uplifts are composed of older 
rocks than the Pennsylvanian and Permian. They are much folded 
and faulted. These .older rocks extend out under the Penn- 
sylvanian and Permian to the north and west. To the south of the 
Ouachita and Arbuckle mountains is an area of Comanchean rocks 
which dip slightly to the southeast and lap over the upturned edges 
of the older rocks of the mountains. -' 

From the standpoint of its geology, then, the state is divided 
naturally into certain districts or provinces and it seems best to dis- 
cuss them as nearly independently of each other as possible. The 
districts and their boundaries are as follows : 

(1) The Ozark mountain region, or Mississippian area, in- 
northeastern Oklahoma, including approximately the territory east 
of Grand river and north of the Arkansas. 

(2) The Sandstone Hills region, or Pennsylvanian area, in- 
cluding east-central and north-central Oklahoma. 

(3) The Ouachita mountains in the southeastern part of the 
state, including most of the area south of the Ardmore branch of 
the Chicago, Rock Island & Pacific Railway and east of the main 
line of the Missouri, Kansas & Texas Railway. 

(4) The' Arbuckle mountains in the south-central part of the 
state. "^ 

(5) The Red' River limestone region including the territory 
between the Ai-buckle and Ouachita mountains on the north and 
Red river on the sooth. 
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(6 The Wichita mountains in southwestern Oklahoma. 
(7) The Redbeds, including most of weatem Oklahoma. 
These areas are described in the order named. They are all 
indicated on the general geologic map (flg. 52 and PL I.) 

OZAKK MOUNTAIN REGION. 

As has been said, the northeastern part of the state is the south- 
western extension of the Ozark mountain uplift and the rocks 
are in general the same in character and relations as those exposed 
in the adjacent parts of Missouri and Arkansas. The area includes 
all or parts of Ottawa, Craig, Mayes, Delaware, Cherokee, Musko- 
gee, Adair and Sequoyah counties. 
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Uncouformltv. 
SILURIAN 

(S) St. Clair marble, white to (tray or jiluk er.vstalliue limestone, preseut ooly 
In southeaBtera part or area, nt least 200 few thick in nortUem Se- 
quoyah county. 

Unconformity. 
DEVOlflAW 

(4) Chattanooga shale, bliiek, uluty, bituminous simle. GG to 40 feet. 

I'nconformttv. 
MfSSIflSIPPlAX 

i.r>) i('"»M formation, .llnieatoiie with cherts and flints, mosUv ut Ttiirliiig- 
ton and Keokuk nge. locally with KInderhook beds at bi'ise. thickncBS 
from 100 to 400 feet. 

I'liconformlty. 
(0) Mase» formation, dark shale with bUck. bltumlnouB limestone lu soutn- 
era part of area; light, siliceous limestone In northern part, from 10 to 
60 feet thick. 

(7) FagettevUle shale, black, bltiiuilnoua. day shale with two or three beds 
llD:estone. absent In extreme north part of area up to 110 feet. 

(8) Pitlin lime»tone. hard, genernlly well bedded, crystalline limestone, pres- 
ent only on south side of area, maximum thickness about 70 feet. 

Of the formations named above, those below the Boone chert out- 
crop only in the deeper valleys in the eastern part of the region, 
while those above the Boone outcrop as a narrow fringe around the 
southern and western margin of the area. The Boone formation 
outcrops over approximately 90 per cent of the area. 

In general the rocks dip to the south, southwest and west away 
from the Ozark uplift. The general structure, however, is much 
complicated by minor folding and by faulting. 

PENNSYLVANIAN AREA. 
This area occupies a broad L-shaped area on the south and 
west aides of the Ozark mountain region. The western limit is the 
Redbeds area, and the southern the Arbuckle and Ouachita moun- 
tains. Northward the area extends into Kansas and eastward into 
Arkansas. The area contains all or parts of the following counties: 
Ottawa, Craig, Nowata, Washington, Osage, Pawnee, Paynei 
Creek, Tulsa, Rogers, Mayes, Wagoner, Muskogee, Cherokee' 
Sequoyah, Adair, LeFlore, Latimer, Haskell, Pittsburg, Mcintosh, 
Hughes, Okmulgee, Okfuskee, Pontotoc, Seminole, Murray, Potta- 
watomie, and Lincoln. 

The rocks of this area are shales, sandstones, and limestones 
of Pennsylvanian age. In the northern part of the area, north of 
Arkansas river, there are several limetsones, but these thin out and 
disappear to the south, and only two or three of them cross the 
river. To the south of the Arkansas practically all the rocks are 
sandstones and shales. These are much thicker than the rocks to 
the north of the river" and present an entirely different section, it 
is necessary, then, to discuss the two portions of the area separately. 
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The Prairie Plains or Pennsylvanian Area North of Arkansas River. 
■ General statement — The surface of this area slopes gently to the 
southeast. The alternation of hard and soft strata dipping gently to 
the west and northwest gives rise to a stairstep topography. The out- 
crops of the shales make broad flats or valleys, while the outcrops 
of the sandstones and limestones make pronounced eastward-facing 
ridges or escarpments. Going west each ridge or escarpment is 
slightly higher than the one to the east. The greater part of the 
drainage is into Arkansas river through the Verdigris and its 
branches. Since this area contains some of the most important oil 
and gas fields the nature and stratigraphy of the rocks are given 
rather fully. The columnar section is shown in fig. 53. 

Stratigraphy — The formations exposed in this area with their 
descriptions are as follows, beginning with the lowest : 

(1) The Cherokee' formation consists of a group of shales, 
sandstones, limestone lenses, and coal beds. At the Kansas line 
the formation is less than 500 feet thick, but it thickens rapidly to 
the south and in the vicinity of Muskogee the rocks of the same 
.horizon are included in two formations, the Winslow and Boggy 
which are together about 1,500 feet thick. 

The outcrop is a belt of rather level land about 12 or 15 mile? 
wide until it approaches the Arkansas, where it widens rapidly and 
extends eastward along the south side of the Ozark region. This 
formation is very important in the discussion of the oil and gas since 
it contains several of the important oil producing sands in the main 
field. The Bixler, Markham, Barnett, Bartlesville, and Burgess 
sands, named in descending order, lie in the formation. Of these the 
Bartlesville is of most importance. The heavy sandstone outcrop- 
ping east of Welch, at Bluejacket, and northwest of Vinita is prob- 
ably the Bartlesville. It has been recognized far to the westward 
beneath Osage county and to the southwestward in the oil fields 
of Tulsa, Creek, Pawnee and other counties. 

(2) The Fort Seott formation consists of a lower limestone 
10 feet thick separated by about 8 feet of shale from an upper lime- 
stone 20 feet thick. The whole thickness is thus 38 feet. The for- 
mation is known to the drillers as the "Oswego lime." In Okla- 
homa its outcrop forms a pronounced escarpment from the Kansas 
line, northwest of Welch in Craig county, southwest past Centralia, 
Chelsea, Claremore, and Catoosa to Arkansas river. 

(3) Above the Fort Scott formation is a shale 120 feet thick 
known as the Lahette shale. From Nowata northeastward a heavy 
sandstone occurs toward the top of the formation. It is not im- 
probable that this is ttie outcrop of the so-called Holland sand which 
is productive of oil in the vicinity of Ochelata. 
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(4) The Pawnee limestone is about 40 feet thick. It out- 
crops along the west side of Verdijrris river south from Nowata. 
At Talala the shale above the Pawnee pinches out and the Pawnee 
and the hig'her Altamont limestone unite to form the Ooil&gah which 
continues to the southward. The Pawnee and Altamont in the 
northern part of this area and the Oolagah in the southern part are 
known to the drillers as the "Big lime." 

(5) The Bandera shale lies between the Pawnee and the Alta- 
mont limestones. At the Kansas line it is 120 feet thick, but it thins 
rapidly to the south until is only 40 feet thick at Nowata and dis- 
appears about Talala. 

(6) The Altamont limestone is uniformly about 30 feet thick. 
It outcrops to the east of Nowata and southward along the Verdi- 
gris. South of Talata it unites with the Pawnee to form the Oolagah. 

(7) The Nowata shale is about 100 feet thick at Nowata and 
thickens gradually to the south. A few thin sandstones are present 
in the formation, some of which are probably oil-bearing to the 
westward. 

(8) The Lenapah limestone is about 20 feet thick at Lenapah 
and on the bluff in Nowata, but is not known to extend southward 
from that place. Its extension to the west under the younger for- 
mations is conjectural. 

(9) The Coffey ville formation is composed principally of 
shales, but sandstones become prominent toward the south. -The for- 
mation thickens from the Kansas line to the south, the average 
thickness being about 370 feet. 

(10) The Hogshooter limestone is about 10 feet thick. It 
outcrops along Hogshooter creek about 9 miles east of Bartlesville. 
It is not usually recognizable in logs of wells to the west, possibly 
because it is thin bedded and is not noticed by the drillers and pos- 
sibly because it does not extend far to the west. 

(11) About 75 feet of unnamed shales and sandstones lie im- 
mediately above the Hogshooter limestone. The sandstones are thin 
and lenticular. 

(12) The Dewey limestone is about 23 feet thick. It is well 
exposed in Bartlesville, near Dewey, and to the eastward and is 
prominent on the bluffs west of Ochelata and Ramona. 

(13) The Wilson formation consists principally of shales with 
thin sandstone and limestone lenses. The principal sandstone lens 
is about 30 feet thick and lies about 100 feet below the top of the 
formation. It is well exposed at the village of Torpedo in the 
eastern part of Osage county. The principal limestone is exposed 
near Avart, and is known as the Avant limestone member. 

(14) The Brtxton formation of southern Kansas thickens 
southward into Oklahoma where in Osage county it embraces over 
550 feet of sediments. A generalized section follows : 
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Feet 

^hale, sandy shale, aiiJ sandstone l44>-irM 

Sandstone. esi>osed near Nelagouy JKI 

Llmeatonp. lentil ai 

.Sliale, sandy shale, thin saodstoneii UK) 

Sandstont>, exposed near Blgtaear' 140 

Shale, and sandstone IflO 



Average total - 



The 50-foot sandstone of the above section is prominently ex- 
posed in the vicinity of Nelagony and is known to extend thence in 
both directions along the strike for a considerable distance. The 
limestone of the section is a lens and has but little linear extent. 

The sandstone at the base of this section is really composed of 
several distinctive sandstones separated by shale beds. All the 
beds, however, are closely associated, especially at Bigheart, where 
they are well developed, several being thick and massive. They are 
known to extend from the eastern border of Osage county near 
Bartleeville southwest across this county and probably into Creek 
county. 

(15) The Oread limestone overlies the Buxton formation in 
Kansas and extends tO or 12 miles into Oklahoma where it pinches 
out. It is 17 feet thick at the Kansas line. 

(16) The Elgin sandstmie overlies -the Oread or the Buxton 
where the Oread is absent. This sandstone extends southward across 
Osage county to Arkansas river where it caps the hills in the vicinity 
of CleveUind. Just south of the Kansas line near Elgin, Kans., the 
Elgin sandstone is 140 feet thick, and la made up of an upper and 
lower member, separated by shaly sandstone. To the southward 
the Elgin becomes thinner and consists usually of but a single mem- 
ber, which is .in most places massive, containing practically no 
shale. From the centra! part of Osage county south to Arkansas 
river the Elgin is between 50 and 75 feet thick. The Elgin is 
equivalent to the upper part of the Kanwaka shale of Kansas. 

The stratigraphic succession up to, and including the Elgin 
sandstone is shown in iig. 53. 

The section above the Elgin sandstone is composed of very len- 
ticular beds and no section can be given which will apply to any 
large area. There are, however, certain beds which are fairly per- 
sistent and which can be mapped for considerable distance along 
their outcrop. The following section is generalized from those 
given by K. C. Heald for the northwestern part of the Pawhuska 
quadrangle and for the Foraker quadrangle. (Bui!. U. S. G. S. Nos. 
641B, 1916, and 691B, 1918.) 
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(17) The Pawhuska limestone 
comprises a thickness of from 130 to 
180 feet of limestones with intervening 
shales and some sandstone tenses. The 
limestone outcropping at Pawhuska is 
about the middle of the series. The 
topmost limestone is known in the field 
as the "red lime" on account of its rust- 
red color on weathered outcrops. The 
lowest limestone of the series is charac- 
terized by an abundance of horn corals 
(CampophyUuTn torquium) and is cor- 
related with the Lecompton limestone 
of the Kansas section. 

(18) Unnamed series of shales, 
sandy shales, sandstones and thin, len- 
ticular limestones with a thickness of 
about 200 feet. The columnar section 
in the report on the Pawhuska quad- 
rangle shows an unconformity in this 
series. 

(19) The Cryptozoon - bearing 
limestone, is a characteristic bed of 
limestone 1 to 3 feet thick. It weathers 
to a dark gray color and is very hard 
and remarkably brittle. It contains 
large numbers of Cryptozoa, (indeter- 
minate fossil forms) but other fossils 
are almost lacking. 

(20) Unnamed series of shales, 
sandstones and thin limestones 70 to 
80 feet thick. 

(21) TTie Stonebreaker lime- 
itone is from 2 to 16 feet thick. It 
is a hard and tough limestone, li^t 
gray to dark blue in color, weathering 
to a dirty yellow, stained with limo- 
nite. The overlying shale contains nu- 
merous marine fossils particularly cri- 
noid stems. 

(22) Unnamed series of shales 
with thin limestones and sandstones, 
about 50 feet in thickness. 

(23) Sandstone B (field designa- 
tion) is a fairly definite and persistent 
bed of sandstone 1 to 8 feet thick. It 




■•lu. »4— Columnar section of the 
PennsylTanlaa and Permian 
rockR 10 western Osag« and 
eastern Kay comities. 
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is not strikingly diflferent from other sandstones in the area but 
occurs in a considerable thickness of shale and is valuable as a 
"marker" bed. 

(24) Unnamed series of shales with thin limestones, and minor 
sandstones about 150 feet in thickness. 

(25) The Foraker limestone is about 70 feet thick and con- 
sists principally of soft, thin-bedded limestone with some shale 
layers. Chert concretions are abundant, and much of the lime 
stone contains large numbers of Fusulinas. 

(26) Unnamed drab shale with thin limestone, about 20 feet 
thick. 

(27) The Red Eagle limestone is in most places composed of 
alternating beds of limestone and shale with a total thickness of up 
to 17 feet. Locally the whole formation is composed of limestone. 

(28) Unnamed series of thin, clayey limestones and calcareous 
shales, about 70 feet thick. 

(29) Neva Umeatone is from 15 to 20 feet thick. It is made 
up of massive limestone beds at the base and top with thin lime- 
stones and clay beds in the middle. 

(30) Unnamed red and gray shale with lenticular sandstone 
about 45 feet thick. 

The columnar section of the Pennsylvanian rocks above the 
Elgin sandstone is shown in fig. 54. 

PERMIAN ROCKS. 

(31) The Cottonwood limestone is from 10 to 16 feet thick. 
It has a hard resistant layer, about 2 feet thick, at the top, with 
softer thin oolitic limestone beds and thin shales below. Locally, 
there is a limestone conglomerate at the base. 

(32) Unnamed red and gray shale with thin limestones, about 
50 feet in thickness. 

(33) The CroTise Umestone is about 3 feet thick and is char- 
acterized by its weathering into massive blocks, the general absence 
of recognizable fossils except small Fusulinas, and the abundance 
of smooth round holes which are vertical or steeply inclined to the 
bedding. 

(34) Unnamed shale, with thin sandstone and limestone, about 
70 feet thick. 

(35) The Wreford limestone consists of three distinct lime- 
stone beds separated by shales. The limestones are very cherty 
and the middle bed has a characteristic buff color. The total thick- 
ness is from 10 to 14 feet. 

Structure — The general structure of the Pennsylvanian rocks 
north of the Arkansas river is a monocline with a westward dip 
averaging 30 feet to the mile along the Kansas line. The rate of 



r>' Google 



The Geology of the Mid-Continent Fields. 85 

dip further to the south is not known exactly, but does not seem to 
be greatly different. The general westward dip is often broken by 
gentle folds which give local east dips. In aome cases the folding is 
so gentle that no eastward dip is observed, but the rocks lie nearly 
level for some distance and then dip to the west with a greater dip 
than the average. There is thus a smaller monocline or arrested 
anticline superimposed on the large one. Some of the anticlinal 
folds are so short as to be classed as domes. It should be empha- 
sized that the structure in this area is very gentle except around the 
margin of the Ozark region. In some cases the dips are great 
enough to be observed with the eye or measured by a clinometer, but 
ordinarily, several elevations of a given ledge or horizon must be 
determined and the dip calculated from the difference in elevations. 
The streams cutting the rocks often give opportunities for the»e 
determinations. In many places detailed mapping and determination 
of as many elevations as possible by means of an alidade or transit 
is necessary before the structure can be made out. In some of the 
oil pools it is possible that there is no structure, but that the accu- 
mulation is due to short lenses of sand or local thickenings in the 
bodies of sandstone. The way in which these may effect the accumu- 
lation has been noticed in the section on theories of accumulation. 

Sandstone Hills Region or Pennsylvanian Area South of Arkan- 
sn? Rirer. 

General statement — The' area of Pennsylvanian rocks south of 
the Arkansas differs from the area to the north principally in the 
almost complete absence of limestones and the greater abundance of 
sandstones which are much thicker than those to the north of the 
river. These sandstones give the region as a whole a very rough 
surface and the name, sandstone hills region, is more applicable to 
this portion of the Pennsylvanian area than to the northern portion. 

Stratigraphy — While the rocks are the southern continuation 
of those north of the river they are so different that it was neces- 
sary for the United States Geological Survey to use an entirely dif- 
ferent set of names in the coal fields of the Choctaw Nation which 
were studied several years ago. These names apply particularly 
to the southern part of the area under consideration, especially to 
the coal fields. There is consequently a large area in Okmulgee, 
Okfuskee, Mcintosh, Hughes, Seminole, and Pottawatomie counties 
where very little geologic work has been done and where there is 
considerable doubt as to the exact stratigraphy of the rocks and as 
to the name to apply to them. From the small amount of work that 
has been done, however, it appears that the succession of rocka in 
this belt is in general the same as for the extreme southern part 
of the area, and also that there is a general thinning of the strata. 
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especially of the sandatones. The thickening from north to south 
takes place in practically all the rocks, but is especially pronounced 
in the case of the Cherokee formation. As has already been ob- 
served this formation, which is less than 500 feet thick at the Kansas 
line, is represented in the region of Muskogee by two formations, 
the Boggy and Winslow, which are together 1,500 feet thick. Farther 
south the Winslow — the lower of the two formations — thickens enor- 
mously and in the vicinity of McAlester and Coalgate is represented 
by several formations having a combined thickness of over 6,000 
feet. The entire section of the McAlester-Coalgate region is shown 
graphically in fig. 56. 

The formations are as follows, beginning at the bottom: 

(1) The Wapanucka limestone, 100 feet thick, which forms 
the "limestone ridge" near Atoka and south and southeast of Mc- 
Alester. 

(2) The Atoka formation, 3,100 feet thick, consisting of clay 
shale, sandy shale, and sandstone, which is generally thin-bedded 
and friable. 

(3) The Hartshome sandstone, 150 feet thick, consisting of 
brown sandstone with local beds of shale. This formation outcrops 
as a low, wooded ridge near the outcrops of the lower workable coals. 

(4) The McAlester shale, 1,800 to 2,000 feet thick, consisting 
of blue and black shale, and sandstone of' varying thickness, inter- 
bedded with several veins pf coal, two -of which are workable. 

(5) The Savanna sandstone, 1,000 feet thick, consisting of 
thick-bedded sandstone and shale. Outcrops as prominent ridges 
near Savanna and McAlester and to the north and east. Thins out 
and disappears to the northward. 

(6) The Boggy shale, 2,000 to 2,600 feet thick, consists of 
shale, shaly sandstones, and brown sandstones with local, thin, sili- 
ceous limestone and coal near the base. 

(7) The Thurman sandstone about 200 feet tliick consisting 
of brown sandstone, shale and chert conglomerates. 

(8) The Stuart shale, 90 to 280 feet thick, consisting of blue 
and black clay shale with some sandstones. 

(9) The Senora formation, 140 to 485 feet thick, consisting of 
brown sandstone generally thick bedded. 

All these formations up to and including the Senora are be- 
lieved to represent the interval occupied by the Cherokee formation 
near the Kansas line. 

(10) The V/etwmka shale, 120 feet thick, consisting of clay 
shale above and sandy shale and thin sandstone below. 

(11) The Wewoka formation, 700 feet thick, consisting of mas- 
sive, brown friable sandstone, with interstratified soft, blue clay 
shale, and some limestone. 
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(12) The Holdenville shale, 260 feet thick, consisting of blue 
and yellow clay shale with thin, siliceous limestone and sandstone 
beds. 

(13) The Seminole conglomerate, 50 feet thick in the region 
studied, but thicker to the north, consisting of a conglomerate 
of white chert in brown sand, succeeded by brown sandstone. 

Above these rocks and outcropping to the west are some higher 
unnamed shales and sandstones. These, however, can be considered 
as forming the lowest portion of the Redbeds since some of the 
members have the red color which becomes general a little higher 
in the section. It should be repeated that these formation names 
apply, as yet, only to the extreme southern portion of the area, but 
that they will probably be found to be applicable northwards almost 
to Arkansas river. At any event the rocks of the region between 
that worke^ out and the Arkansas consist of sandstones and shales, 
and it is thought that some, if not all, of the formations defined to 
the south have been recognized almost as far north as the Arkansas. 

Structure — The structure of the portion of this area imme- 
diately south of the Arkansas is like that of the area north of the 
river, a monoclinal dip to the westward, interrupted occasionally 
by gentle folding. To the south, however, the folding becomes more 
intense and finally culminates in a very strongly folded and faulted 
area in the region to the north of the Ouachita mountains. The 
structure of the northern portion of the area has not been worked 
out, but that of the southern portion has been worked out in con- 
nection with the survey of the coal fields of the Choctaw nation. 
The principal folds of the coal fields have been described by J. A. 
Taff, in the nineteenth and twenty-first annual reports of the 
United States Geological Survey and by L. C. Snider in Bulletin, 
Oklahoma Geological Survey, No. 17. 

OUACHITA MOUNTAIN REGION. 

The Ouachita Mountain region occupies the extreme southeast- 
ern part of the state. The Ardmore branch of the Chicago, Rock 
Island & Pacific Railway forms the northwestern boundary ; the main 
line of Missouri, Kansas & Texas Railway the western; the belt of 
level-lying Cretaceous rocks, the southern ; and the State of Arkansas 
the eastern boundary of the area in Oklahoma. The area is con- 
tinuous with a large area in Arkansas. In Oklahoma it occupies 
part of LeFlore, Latimer, Pittsburg, Atoka, Pushmataha and Mc- 
Curtain counties. 

Strutigmphy^ — A recent publication (Hugh D. Miser, Manga- 
nese deposits of the Caddo Gap and De Queen quadrangles, Arkan- 
sas; Bull. U. S. G. S. No. 660 C, 1917) on this area gives the fol- 
lowing section, for this region in Arkansas. All the beds down to 
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and includinjr the Womble shale are known to cross into Oklahoma 
and the lower ones may also be present. ■ 
Beginning at the base: 

VAilBHIAy 

(1) Collier thalc, blutsb-blacb. soft, gntpbltlc, lutenaely crumpled clay sbulc, 
some limestone und h few Iblu iDj-era of dark chert. tiOD-foBslllferous, 
1*00 feet (btck. 

Uiiconfonutty. 
ORDOVICIAN 

(2) Vrynlal llountafn gandglone, conrse-gralned, iiUBslve. gray to broWB 
BaiHlBtoDe. calcareous In many places, 850 feet tUlcb, provUtonally as- 
slgned to tbe Ordovlclan, 

(3) Uacarn nhale, Rbale In Hlteruatlng Mack and green layers with alaty 
cleavaKe, r>iwer Orduvlclan icraptolttes. 1,000 feet tblck, 

(4) Blakelii xandttonc, 0-400 feet tblck hi Arkansas, does not extend Into 
Oklaboma. 

(5) Womble ukale, black. fcra)ibltlc sbale. witb tbiu beds of sandstone uear 
the bqae and be<ln of limestone near tbe top. contains nnmerons Tiower 
Ordovlclan grflptolltea, tbiokness about 1,000 feet. 

(0) Biofork cliert, tbin-bedded. gray to black, much shattered chert with 
tbtn beds of black shale, fossils mainly Eraptolltes, tblckneae about 700 
feet. 
<T) Potk Cifrk xHafc. black prapbltlc flialp. In part slllceoun: grH])tnlltes 
abundant ; ibicknean to ITS feet. 

Unconformity. 
SlhVRlAX 

(S) BlatilfK-k tnniliitone. proliably limited aliove and l>eli>n- by nnconf<irnilty. 
couHlsts of finegrained. liKbt K^ny to dark )cray or Kreeu compact sand- 
stone and buEF Co dark shale; contains fcraptolltes which correlate it 
with tbe biiaal .Billurlan of Scotland: thickness to 1.500 feet. 
(01 Migmmri MouHlain slate, red ilud tcreen clay slate, no fossils, assigned to 
Silurian on lltbologtc and stratigrapbic grounds; thlcknesa 50 to 300 feet. 
I'nconformity. 
liF.VOXIAN 

(10) Arbanian noriifuUte, consists of three divisions — a lower one of mas- 
sive, white novacuUte. a middle one of tbln layers of dense dark-colored 
novacnlite. Interbedded with shale, and an upper one of massive calcar- 
eous novacui 1 1«— contains some nutnganpHe In nodules and veins; fosalls 
very scarce but the lower division Is referred with some certainty to 
the Orlskany. and the middle and upper doubtfully to the middle upper 
Devonian: thickness, 2S0 to 060 feet. 

t'neouformity. 
VAllB0\IFEHOl!S 

(11) BtatUcji ilialc. dark colored. fls«lle, clay shale, and ffne-gralued coiiiiMict. 
llKht-colored sandstone, separated from Arkansas novacultte by uncon- 
fomilly and has. locally, a conKliuiiernte of novnculitc fragmeuts at the 
base; In western Arkansas and In Oblabonia has beds of gray-wackc near 
the base; thickness, about ft.OOO feet. 
(12) Jarkfork wonrffrtonp. massive compact, flue-tn^ined to coarsegrained 
sandstone with minor amounts of green, nssile. clay sbale; thickness In 
Oklahoma about 4.000 feet. 
The exact age of the Stanley and Jackfork formations ia un- 
certain. The Arkansas novaculite is supposedly Devonian and the 
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Caney shale, which overlies the Jackfork sandstone in the western 
part of its outcrop, is late Mississippian in age. This makes the 
Stanley arid Jackfork represent most or all of the Mississippian but 
the variation between this section and the Mississippian section in 
the Ozark mountain region a short distance to the north, and in the 
Arbuckle mountain region a short distance to the west, is remark- 
able. 

Structure — The structure of the region is very complex. The 
rocks are very strongly folded and faulted and many of the folds 
are overturned. 

Detailed geologic work has been done in a considerable part of 
the region by the United States Geological Survey, but the results 
have not been published and are not available. Nothing can be said, 
therefore, as to the exact location df the folds and faults. The struc- 
ture, which causes all the rocks of the area to be strongly tilted, 
combined with the resistant properties of the thick Jackfork sand- 
stone and Arkansas novaculite causes this region to have the rough- 
est surface of any portion of the state. The hills are sufficiently 
high to be known as mountains and names have been given to some 
of the principal groups. Among these are the Jackfork, Kiamitia, 
Winding Stair, Pine, Potato Hill, and Williams mountains. Most 
of these mountains are formed by the Jackfork sandstone, but some 
of them are due to the Arkansas novaculite. Owing to its extremely 
rough surface the region has little agricultural land and is very 
thinly settled. Roads and transportation facilities are very poor. 

ARBUCKLE MOUNTAIN REGION. 

The Arbuckle mountain region is situated in the south-central 
part of the state. The uplift occupies parts of the following coun- 
ties, Garvin, Murray, Carter, Johnston, Coal and Pontotoc. The 
rocks exposed range in age from pre-Cambrian to Pennsylvanian. 
The section is as follows, beginning at the base: 

(1) The Tishomingo granite which forms the core of the 
mountains and outcrops in two areas, one east and one west of 
Washita river. 

(2) The Reagan sandstone, from to about 500 feet thick, 
composed largely of granite fragments with some shale in the upper 
portions, of Cambrian age. 

(3) The Arbuckle limestone, 4,000 to 5,000 feet thick, com- 
posed almost entirely of thick and thin-bedded limestone of Cambro- 
Ordovician age. 

(4) The Simpson formation, 1,200 to 2,000 feet thick, com- 
posed of sandstones, shales, and limestones of Ordovician age. 

(5) The Viola limestone, 500 to 700 feet thick, composed of 
almost pure limestone of Ordovician age. 
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(6) The Sylvan shale, 60 to 300 feet thick, composed of green 
and black clay shales of Silurian age. 

(7) The Hwnton limestone, to 300 feet thick, composed of 
two limestones and an intervening shale of Siluro-Devonian age, 

(8) The Woodford chert, about 650 feet thick, composed of 
black shale with thin layers of chert, probably of Devonian age, 

(9) The Sycamore limestone, to 200 feet thick, composed 
of dense blue limestone, probably of Mississippian age. 

(10) The Caney shale, about 1,600 feet thick, composed of 
black and blue shales of Mississippian age. 

(11) The Glenn formation, of undetermined thickness, a com- 
plex of shales and sandstone of Pennsylvanian age, outcropping on 
the southern side of the mountains, especially in the Ardmore Basin. 

(12) The Fratiks conglomerate, ranging from nothing to 
several hundred feet in thickness, composed of rounded pebbles and 
bowlders of limestone from the older rocks of the uplift. The con- 
glomerate was deposited in Pennsylvanian times and lies unconform- 
ably on the up-turned edges of most of the older rocks. 

History — The rocks composing the Arbuckle mountains were 
deposited in pre>Pennsylvanian times in water which varied in 
depth from time to time and portions of the area were above the 
water for comparatively short intervals. During Pennsylvanian 
times the area was uplifted into the shape of an immense dome. As 
soon as the uplift commenced, the forces of weathering began their 
work of tearing down the exposed rocks and transporting them back 
to the ocean. By the end of Pennsylvanian times probably as much 
as two miles thickness of material had been removed from above 
the granite core of the mountains. Toward the end of this period 
the sea again advanced over the area and the Franks conglomerate 
was built up from the bowlders of limestone which covered the old 
land surface. Later the lower parts of the Redbeds were deposited 
around the edges of the mountains probably a good deal higher 
than we find them now, since considerable thickness of them must 
have been removed by erosion since they were deposited. We have, 
then, in the Arbuckle mountains a truncated dome with the granite 
forming the core of the uplift and the steeply upturned older sedi- 
mentary rocks dipping in all directions away from it. Over the 
edges of the upturned rocks at some distance from the granite core 
we have the Franks conglomerate and the Redbeds. 

Structure — The structure has been spoken of as a dome, but it 
must be understood that the structure is not as simple as the term 
indicates. The rocks were under great pressure, as the uplift was 
formed by thrusts from the sides and not by pressure from beneath 
As a result there were many minor folds produced and much fault- 
ing. Some of the folding is extremely complex and the faulting 
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is so general as to make the structure very diflicuH to work out. The 
areas of tiie principal folds have been worked out with some degree 
of accuracy, but on account of the faulting and other conditions the 
folds are almost certainly without effect on oil and gas accumu- 
lation and there ia no need of considering them in detail in this work. 

WICHITA MOUNTAIN REGION. 

The Wichita mountains lie in the southwestern part of the 
state, in Comianche, Tillman, Jackson, Greer, and Kiowa counties. 
The long axis of the Wichita mountains is in line with that of the 
Arbuckle mountains and the two groups are almost certainly parts 
of the same general uplift with the connecting portion buried be- 
neath the Redbeds between them. The Wichitas have had the same 
history and the same mode of formation as the Arbuckles, except 
that the Redbeds were deposited much higher relatively on the 
Wichitas and buried them so deeply that only the granite peaks and 
some of the higher limestone hills remained above the Redbeds or 
have been uncovered by erosion. Of the section of sedimentary rocks 
as exposed in the Arbuckles only the Reagan sandstone, Arbuckle 
limestone, and Viola limestone are shown in the Wichitas and these 
only in comparatively small areas on the north side of the moun* 
tains. The Wichitas, then, may be regarded in the same way as 
the Arbuckles — as a truncated dome exposing considerable areas of 
the granite in the core of the uplift, and with the level-lying Red- 
beds lapping up over the upturned edges of the older sedimentary 
rocks. Presumably these older sedimentaries are folded and faulted, 
similarly to those of the Arbuckles, but the covering of Redbeds com- 
pletely hides the structure of the underlying rocks. 

RED RIVER LIMESTONE REGION. 
This area lies in the southern part of the state between Red 
river on the south and the Arbuckle and Ouachita mountains on the 
north. Parts of Love, Carter, Atoka, Pushmataha and McCurtain 
counties and all of Marshall, Bryan and Choctaw counties are in- 
cluded in the area. The rocks are sandstones, shales and limestones, 
which dip very gently to the southeast. The section as exposed is as 
follows, beginning at the base : 

COMANCHEAN— 

(1) The Trinity sand, 300 to 400 feet thick. Fine yellow sand 
with conglomerate beds locally at the base. 

(2) The Goodland limestone, 25 feet thick, massive white 
limestone. 
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(3) The Kiamieki formation, 150 feet thick, blue soft shale 
with thin shell limestone beds in the lower portion. 

(4) The Caddo limestone, 60 feet thick, yellow and white 
limestone interstratified with thin marly beds. 

(5) The Bokekito formation, 140 feet thick, red and blue shale 
with thin irony limestone and lentils of soft sandstone. 

(6) The Bennington limestone, 10 to 15 feet thick, blue shell 
limestone. 

CRETACEOUS— 

(7) The SHo sandstone, 200 feet thick with the top removed, 
brown, soft sandstone, locally hardened by iron cement, shale and 
shaly sandstone. 

All these formations dip gently to the southeast. The Trinity 
sand laps over the upturned edsres of the older rocks of the Ar- 
buckle and Ouachita mountains to the north. The dip of the for- 
mations is in general very uniform but local structures of some 
magnitude have been found. The limestones are more resistant than 
the sandstones or shales and usually stand up as northward facing 
bluffs which extend for long distances east and west. Both the lime- 
stones and the limy shales form a very rich soil when weathered 
down. 

PERMIAN REDBEDS AND TERTIARY REGION. 

Lying above and outcropping to the west of the Pennsylvanian 
rocks is a great thickness of red shales and sandstones which are 
mostly of Permian age. In Kansas most of the Permian rocks are 
non-red and only the upper portion has the red color, but on coming 
south into Oklahoma the rocks of the lower part of the system begin 
to take on a red color and a short distance south of the state line 
all the Permian rocks and the extreme upper portion of the Penn- 
sylvanian rocks are red. The only non-red Permian rocks in Ok- 
lahoma, except for some thin beds occurring with the red rocks, 
are in an area comprising most of Kay county and small portions of 
Osage and Pawnee counties adjoining Kay. 

The Permian or Redbeds area occupies practically all the 
western half of the state, the eastern Iwundary being a line drawn 
from Blackwell southeast, passing east of Perry and Stillwater, past 
Chandler to Shawnee and thence southwest to the west end of the 
Arbuckle mountains, around the mountains and south to Red river. 
Included in the territory west of this line are the Wichita mountains, 
composed of older rocks, and some large areas in Ellis, Woodward. 
Harper, Beaver, Texas, and Cimarron counties, which are covered 
by rocks of Tertiary age much younger than the Redbeds. These 
rocks, however, are underlaid at a depth of at most a few hundred 
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feet by the Redbeds. As far as the prospects for oil and gas are 
concerned the area may be ccnsidered as part of the Redbeds area. 

The Redbeds consist of a great, but not definitely known, thick- 
ness of soft, red sandstones and shales with some ledges of gypsum 
and thin ledges of dolomite. The lower limit of the beds is not a 
plane since the rocks lower and lower in the series take on a red 
color to the south of the state line. The thickness is much greater 
therefore in the latitude of Shawnee than it is along the Kansas line 
and the beds thin again to the south in the vicinity of the Arbuckle 
and Wichita mountains. Near the middle of the state the beds 
probably reach a thickness of over 3,000 feet. 

Stratigraphy — The Permian Redbeds in Oklahoma are sub- 
divided as follows, from the base up : 

(1) Enid formation, principally soft red clay and sandy clay 
shales with lenticular red sands and some thin beds of white sand, 
about 1,500 feet thick. 

(2) Blaine formation, consisting of three gypsum members — 
the Ferguson, Medicine Lodge and Shimer — with intervening red 
and green shales, about 100 feet thick. 

(3) W-oodtuard formation, consisting of the Dog Creek shale 
member, Whitehorae sandstone member, and Day Creek dolomite 
member, total thickness about 425 feet. 

(4) Greer formation, consisting of the Chaney, Kiser, Hay- 
stack, Cedar Top, and Collingsworth gypsum members, the Mangum 
dolomite member and intervening red and green shales. 

(5) Quartermaster formation, consisting of soft red sand- 
stones and arenaceous clays and shales, about 300 feet thick. 

The erratic nature of the stratigraphy of the Redbeds, the 
softness of the rocks, and the cross-bedding of the sandstones, which, 
besides the gypsums, are the only ledges which can be traced for 
any considerable distance, makes it very difUcult to determine any 
minor structures in the Redbeds but from all indications there are no 
structures in the greater part of the area which would be favorable 
for the accumulation of oil or gas. In the vicinity of the Arbuckle 
and Wichita mountains and in the belt between these mountains 
and Red River folds have been found, at least some of which are 
connected with the accumulation of oil and gas. The eastern portion 
of the region has also shown favorable structures when worked 
carefully. Too much emphasis cannot be given the fact that little 
reliance can be placed on appearance of structure in short outcrops 
in this region. The cross-bedding of the sandstones is extreme and 
in short exposures gives all the appearance of strong dips, but 
when the ledge as a whole can be followed any distance it proves 
to be practically level in most cases. The shales associated with the 
sandstones are very soft, and when wet work out from under the 
sandstones permitting the latter to slip. Large pieces are often 
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broken from the lederes and lie in positions which indicate strong 
dip. In most cases, however, this condition can be made out and 
the ledge in place is found to be level. These conditions of cross- 
bedding and slip occur so often where they can be definitely identified 
as such that it is only fair to presume that appearances of dip in very 
short exposures of single ledges are due to one of these causes unless 
they can be shown conclusively to be real dips. 

So far, the only pools of importance in the Redbeds region, out- 
side of the Wichita-Arbuckle mountain area, are those at Billings, 
and Garber and in these localities the Redbeds are sufficiently thin 
to permit the underlying non-Redbeds to be reached. The structure 
is shown by persistent sandstone beds. 

Much of western portion of Oklahoma is covered with a thin 
mantle of Tertiary sands and clays. These prevent a determination 
of the structure of the underlying rocks. There are also small, iso- 
lated patches of Comanchean limestone, the remnants of a forma- 
tion which undoubtedly covered the whole area at one time, and 
connected the Comanchean areas of Kansas and Texas. The Da- 
kota sandstone occupies a small area in the Panhandle but the other 
Cretaceous formations, which have been described for Kansas, do 
not outcrop in Oklahoma. 

GEOLOGY OF TEXAS. 

For convenience of discussion of the geology, Texas may be di- 
vided into eight regions as follows : 

(1) Llano-Burnet uplift or central mineral region. 

(2) North-central plains or Pennsylvanian-Fermian region. 

(3) High plains. 

(4) Cordilleran region. 

(5) Toyah basin. 

(6) Edwards plateau. 

(7) Black and Grand prairies. 

(8) Gulf Coastal plain. 

The regions are shown on the accompanying sketch map (fig 
56) and in PI. IL 

Each of the areas is described briefly in the following para- 
graphs. 

LLANO-BURNET UPLIFT. 

The Llano-Burnet uplift brings to the surface the oldest rocks 
exposed in Texas. Its topographic expression is a low basin from 
which Colorado river and its tributaries have removed the covering 
of Comanchean rocks exposing the older rocks beneath. While con- 
siderably lower than the plains to the north, south and west, the 
region is well dissected and the surface is quite hilly. 
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The area includes all of Llano, practically all of Mason and 
parts of Burnet, Blanco, Gillespie, Kimble, McCulloch, San Saba, 
and Lampasas counties. The sbratigraphic succession of the rocks 
exposed in the uplift is as follows : 
Pennti/lvanitui St/»tc»i 
Bend aeries. 

Swithwlck ithHle 

Marble Falls limestone 

I«wer Beud sbale 

Uncoirforiulty. 
Camf>r(hOrd»viclan 

Ellenberger llnientoiic 

Cambrian 

Wllbems formation 
Cap Mountain formation 
Hickory sandstone 

Unconfomilty 
Pre-Canibrian 

Intrusive granite 
Valley Spring gnelsti 
Packaaddle sclilat. 

PRE-CAHBRIAN SOCKS. 

The Packaaddle schist and VaUey Spring gneiss include a great 
thickness of very highly metamorphosed sedimentary and igneous 
rocks, presumably of Algonkian age. The schist is generally dark 
in color and has well developed cleavage planes ; the gneiss is lighter 
in color and with less pronounced cleavage. The two formations, 
however, grade into each other, and, in many places are very diffi- 
cult of separation. The schist contains beds of marmorized lime- 
stone, and also graphitic beds, which make its origin from sedimen- 
tary beds beyond question. Both the schist and the gneiss are in- 
truded by large masses of granite and by smaller dikes of basic 
rocks. The intrusives are also presumably of pre-Cambrian age. 
Graphite, magnetite, galena, (luorite, copper, manganese and zinc 
occur in some quantity and the rare earth minerals are mined at 
Barringer Hill in Llano county. 

CAMBRIAN SYSTEM. 

Hickory sandstone overlies all the pre-Cambrian rocks in the 
region. It consists of sandstone with a basal conglomerate. Locally 
the sandstone is highly ferruginous and strikingly red in color. The 
formation grades upward into the Cap Mountain formation. The 
thickness of the Hickory varies from a few feet to 350 feet. 

Cap Mountain foi-mation consists of limestone and sandstone, 
both more or less glauconitic. The thickness is about 90 feet. 
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Wilbems formation consists principally of thin-bedded lime- 
stones with shale in the upper portion. The maximum thickness is 
220 feet. 

CAMBRO-ORDOVICIAN ROCKS. 

EUenberger limestone consists of crystalline, dolomitic, Iis:ht- 
colored limestone, containing much white and yellow chert. The up- 
per portion is of purer limestone than the lower. The total thickness 
is about 1,000 feet. 

PENNSYLVANIAN SYSTEM. 

The Pennsylvanian rocks of this region have been grouped as 
the Bend series. At the base, locally, is about 50 feet of black fissile 
evenly-bedded, bituminous shale. 

Marble Falls limestone consists of light gray to black well- 
bedded limestone with considerable dark blue to black chert. Thin 
shate partings are common but the limestone predominates very 
greatly. The thickness at the outcrops is about 450 feet. The age 
of the Marble Falls has been variously considered, but it is now 
regarded as being Pennsylvanian, of about the same horizon as the 
Morrow group of Arkansas and northeastern Oklahoma and of the 
Wapanucka limestone and Caney shale of east-central Oklahoma. 
The formation outcrops in isolated areas, on the outer fringe of the 
EUenberger limestone outcrop on the eastern and northern side 
of the uplift. On the southern and western sides, the Marble Falls, 
if present, is covered by the Comanchean. The Marble Falls lime- 
stone is of extreme interest on account .of its being the source of the 
oil and gas in the Ranger and the Stephens county fields. Its extent 
to the north lb noted in the description of the Pennsylvanian-Per- 
mian area. Concerning its extension to the south and west of the 
uplift nothing definite can be said but there is no apparent reason 
why it should not extend for considerable distances to the south 
and west. The Marble Falls has been alfected by all the folding 
of the Llano-Burnet uplift and was undoubtedly deposited over the 
entire area of the uplift. The location of the land mass from which 
its sediments were derived is problematic but was probably to the 
southeast, so that the extension of the formation to the southeast 
is doubtful and, at any rate, its horizon is so deeply buried under 
Cretaceous rocks within a very short distance that it is out of reach 
of drill. 

Smithwick shale consists of black, bituminous and carbonaceous 
shale about 400 feet thick, with some sandstone lentils. It is ap- 
parently conformable with the Marble Falls and outcrops in the 
same localities. 
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XOHTH-CKNTRAI, I'l^AINS. 

{ Pennsylvanian-Permian ) 

The area of Pennaylvanian and Pennian rocks lies in the north- 
central part of the state, coinciding with the physiographic province 
known as the north-central plains. It is the southward continuation 
of the Pennsylvanian-Permian areas of Kansas and Oklahoma. In 
Texas it includes all or part of the following counties : Montague, 
Clay, Jack, Wise, Parker, Palo Pinto, Stephens, Eastland, Comanche, 
Brown, San Saba, Mills, McCulloch, Coleman, Concho, Tom Green 
Runnels, Callahan, Taylor, Shackelford, Jones, Haskell, Throckmor- 
ton, Young, Archer, Baylor, Knox, Foard, Wichita, Wilbarger, 
Hardeman, Lipscomb, Hemphill, Wheeler, Collingsworth, Donley, 
Briscoe, Hall, Childress, Motley, Cottle, King, Dickens, Garza, Kent, 
Stonewall, Borden, Scurry, Fisher, Mitchell,. Nolan and Coke, with 
a narrow belt along the Canadian river in Roberts, ~ Hutchinson, 
Moore, Potter and Oldham. 

The rocks of the Pennsylvanian-Permian area in north-central 
Texas have been subdivided as follows: 

Double .Mountain foruiatlou 
Clenr Fork fonnatioB 
WlchlU-.AIlHiuj' fomutlon 

Peiun>ylvatiian 

Cisco fommtion 
C&nyou fomifltion 
Stniwu foruiatlou 
Itend series 

Smithwlck Btaale 
Marble Falls llmcBtone 

PBNNSYLVANIAN SYSTEM. 
The character and thickness of the Marble Falls limeatone and 
the Smithwick shale, which form the Bend series, has been noted in 
connection with the description of the Llano-Burnet area where 
they outcrop. These formations extend northward and northwest- 
ward for a considerable distance under the younger formations. In 
the area under consideration they are of immense importance since 
the Bend series acts as the reservoir for the oil and gas in the fields 
in Eastland and Stephens counties. Judging from the well-logs 
there is no pronounced variation in the thickness of these beds, 
northward from the Llano-Burnet mountains through Brown, (Jolc- 
man, Comanche, Eastland and into Stephens county, but both forma- 
tions are more sandy to the northward. To the north and east the 
exact correlation of the "Black lime" (Marble Falls limestone) is 
more uncertain. Nothing which could be definitely correlated with 
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the Marble Palls was encountered in the Chestnut well of the Empire 
Gas & Fuel company south of Mineral Wells, which was drille'l to a 
depth of about 4,200 feet. In the Lyie well in southeastern Young 
county a formation was encountered which was thought to be "ftlack 
lime." 

Strawn Formation. 

This formation is exposed in two regions separated from each 
other by the overlapping Comanchean rocks, which everywhere, ex- 
cept along the northern edge of the Llano-Burnet mountains, con- 
ceal the base of the formation. 

In the southern area in Brown, San Saba, Mills and Lampasas 
counties, the whole formation consists of alternating beds of hard, 
evenly textured sandstones and blue clay shales, with some con- 
glomerates and a few thin, hard limestones. Along Colorado river, 
Drake in his report on the Colorado Coal Field of Texas (Fourth 
Annua) Report of the Geological Survey of Texas) divides the 
Strawn into twenty distinct beds, with a total thickness of more 
than 4,000 feet. These beds are shown in the columnar section 
(fig. 57.) 

In the northern area, in Wise. Jack, Parker, Palo Pinto, Erath 
and Eastland counties, the Strawn is divided into two divisions: a 
lower, formerly called the Millsap beds, composed of blue to black 
clay shale with only a little sandstone and a few thin limestones, and 
an upper of alternating sandstone and shale with a few thin lime- 
stones. The base of the Strawn is not exposed in this area so the 
total thickness at the outcrop is not known. 

The Strawn seems to have been deposited in a narrow gulf or 
embayment extending from the north to or beyond the Llano-Burnet 
region. This embayment transgressed westward during Strawn and 
later Pennsylvanian times so that the upper part of the Strawn and 
the overlying formations were deposited farther to the west than 
the basal part of the Strawn. This is shown by the progressive 
westward overlapping of the higher beds upon the Bend series along 
the northern margin of the Llano-Burnet uplift. From east to 
west the Bend is overlain successively by the Strawn, the Canyon 
and probably by the Cisco and lowermost Permian beds, A cor- 
responding change is shown by well records farther north. While 
the thickness at the outcrops is in the neighborhood of 4,000 feet, 
not more than 1,000 feet of Strawn formation is shown in well logs 
only 15 or 20 miles to the west. In the Russell well near the south- 
ern end of the Coleman-Runnels county line the Strawn does not 
seem to be present, and the drill passed directly from the Canyon 
formation into the Bend series. 

The Strawn formation is the source of the oil and gas in the 
Strawn field and has produced small amounts of both substances at 
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several other localities. Several beds 
of coal occur in the formation and 
coal is mined on a large scale from 
these beds at Strawn, Mingus, Thur- 
ber and Bridgeport. 

Canyon Formation. 

Thiis' formation succeeds the 
Strawn conformably, but in its west- 
ward extension probably rests uncon- 
formably on the Bend series, ob ac- 
count of the pinching out of the 
Strawn formation. 

The formation consists of alter- 
nating beds of bluish-gray limestone 
and blue clay with minor amounts of 
conglomerate and reddish sandstone. 

Along Colorado river, Drake (op. 
cit.) divides the formation into 
:S *" twelve beds ■ which may be traced for 
some distance north into Brown and 
Coleman counties. The columnar sec- 
tion for this region is shown in fig. 
58. In this region the limestone beds 
are none of them over 30 feet in 
thickness. To the north some of these 
limestones thicken and probably 
coalesce by the pinching out of the in- 
tervening shales until in Palo Pinto 
and Jack counties, there are four 
(pa principal limestone beds. The indi- 
vidual beds in this region reach a 
thickness of at least 50 feet. These 
limestones are particularly well shown 
in Metcalf gap and on the road, be- 
tween Palo Pinto and Breckenridge. 
Northward from Jack county the lime- 
stones thin and the clays are more 
prominent and there is more sand- 
stone, especially in the lower part of 
the formation. 




Fie. 58— Coioniiinr BtwHou o( 
tiie f'auyou fonnatlou lu the 
C'olorudo rircr r^lon. 



Cisco Formation. 

This formation overlies the Can- 
yon conformably. The formation 
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is composed of typical blue clay shales, intercalated with beds 
of sandstonea, conglomerate, with a few thin beds of hard limestones. 
The limestones are thicker and more numerous in the southern 
part of the outcrop near the Llano-Burnet uplift. Along the Colo- 
rado river, Drake (op. cit.') has mapped and named eighteen sub- 
divisions, (fig. 59) but it is not known how far northward these 
beds maintain their individuality/ In the northern part of Young 
and Jack counties the Hmestoji^ disappear from the section. Be- 
ginning in Stephens county there is a gradual change in the color 
of the shales and sandstones from blue and gray to red, until along 
Ked river in Clay and Montague counties the formation is repre- 
sented principally by Redbeds and has not been separated from, the 
overlying Wichita formation. 

The thickness of the Cisco averages about 800 feet^ The precise 
thickness in the northern part -pf it3 outcrop is not kniown on ac- 
count of the difficulty of separatii^ the Cisco frpm the Wichita for- 
mation. 

The Canyon and Cisco formations are extremely important in 
geologic work in North Texas. The following brief discussion of the 
stratigraphy of these formations and the sections (fig. 59) are kindly 
furnished by F. B. Plummer of the Roxana Petroleum company. 

NORTH TEXAS PENNSYLVANUN FORMATIONS. 

The area of outcrop of the Pennsylvanian rocks in north Texas 
is a narrow belt extending from San Saba river on the south to 
Red River on the north. The average width of the outcrop is about 
50 miles, and the total area is about 7,000 squaire miles included mos.t- 
ly in Jack, Young, Stephens, Palo Pinto, Eastland, Coleman, Brown, 
McCuUough and San Saba counties. 

Prof. W. F. Cummins (2nd Ann. Report, Geol. Survey of Texas, 
page 359) first described the Pennsylvanian of north Texas and di- 
vided it into three divisions, as follows: 
3.— crsTO. - 

1.— .''tni'wu. 

The Cisco division is composed of soft sandstones, calcareous 
sh^es, and thin yellow-brown fossiliferous limestones, and contains 
the Waldrip coal 'seam. This seriefi' of beds has a total thickness of 
approximately l,OO0.feet. 

The Canyon division is made up of massive, hard, thick, blue 
limestones and gray and blue marl and shale. It has an average 
thickness of 800 feet. 

The Strawn division is made up of thick, massive, poorly bedded 
sandstone, conglomerate, sandy shales, and a f€w lenticular dark- 
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blue limestones. It contains the Strawn coal seam and has a meas- 
ured thickness along its eastern outcrop of over 3,000 feet; it thins 
westward so that where penetrated by the drill at Moran it is leas 
than 2,000 feet 

Drake a little later studied in detail the section along the Colo- 
rado river (see "The Colorado Coal Field") ; Fourth Annual Report, 
Geological Survey of Texas, and subdivided the three divisions into 
separate beds as shown in the accompanying section, (fig. 59.) 

The Geologists of Roxana Petroleum company have recently 
mapped all the Pennsylvanian formations north of the Colorado 
river (Bull. Am. Assoc. Pet. Geol. March, 1919), and have given 
names to all the limestones that can be traced continuously BcnAs the 
area of outcrop. The most prominent, continuous and recognizable ' 
limestones are as follows: 

Moran, (Lloie of the Uornn Oil Field.) 

rneblo, (Lime west of Caddo.) 

Waldrlp, (Lime above the coal seamn at Cisco nnd Newcttstle.) 

Bi-eck«irldge. (Lime In the town of Breckenridge.) 

Gnnslght, (The fosslliferous lime nt Gnnslght.) 

iEnstlnnd. (Lime of the Cuddo Oil Field.) 
Itnnger. (Lime of the Rnoger Oil Field.) 
Groford, (IJme formliuE the scarp west of Graford.) 
PnTo Plntn. (Lime at the town of Polo Pinto.) 

These lines are not only easily recognizable in the field, but 
are readily differentiated in the well logs so that they are of much 
help to the petroleum geologist in surface mapping and correlating 
well logs. 

All the Pennsylvanian strata dip westward in the southern por- 
tion of their outcrop, and northwestward in the northern portions at 
an average rate of 50 feet per mile. In general the entire section 
thickens toward the northeast and thins toward the south and west. 
Thus in Jack and Young counties there are fewer limestones and 
thicker and more numerous layers of coarse sand and conglomerate 
than in Brown and Coleman counties to the south. To the west 
where penetrated by the drill beneath the Permian the section is 
much thinner and more calcareous, and shales and limes predominate. 



PERMIAN BOCKS. 
Wichita-Albany Formation. 

In the southern part of its outcrop this formation consists of 
gray to blue shales and hard, compact, massively bedded limestone. 
In this area the formation was originally described and named the 
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the Albany formation.* These rocks outcrop in a broad belt in Cole- 
man, Concho, Runnels, Callahan, Taylor, Shackelford, Throckmorton 
and Young counties. Northward from Throckmorton and Young 
counties the marine limestones and clays grade rapidly into typical 
Redbeds, which were previously described as the Wichita formation. 
Near Rfti river the formation is not readily separated from the Cisco 
below, nor the Clear Fork above. The Wichita outcrops in Clay, 
Wichita, Wilbarger, Archer, Young and Throckmorton counties- 

Clear Fork Formation. 

This formation consists of red and blue clays, thin limestones, 
which are commonly dolomitic, white and red sandstones and Some 
gypsum. The bedding is very irregular. The thickness is about 
1,900 feet. 

Double Mountain Formation. 

The Double Mountain formation comprises about 2,000 feet of 
Redbeds. Except for containing thicker beds of gypsum and beds 
of rock salt it is very similar to the Clear Fork and the two forma- 
tions grade into each other without any distinct break. In their ex- 
tension to the south and west both the Double Mountain and Clear 
Fork formations seem to be replaced by limestones and thick bed? of 
gypsum. The Double Mountain formation is equivalent lo the 
Greer and Quartermaster formations in Oklahoma. 

YOUNGER ROCKS IN THE PEN NSYLVANUN-PBE MIAN AREA. 

The lower beds of the Comanchean formerly covered the greater 
part, if not all, of the north-central area and many outliers and 
"stringers" from the main body to the south and east are found 
over the surface of the area. One re-entrant of the Comanchean 
cuts entirely across the outcrop of the Pennsylvanian along Pecan 
Bayou in northern Brown and southern Eastland counties, separat- 
ing the Pennsylvanian outcrop into a northern and southern divi- 
sion. 

In the northern part of the region, considerable areas of late 
Tertiary or Pleistocene sands and gravels, which have been mapped 
and described by Gordonf as the Seymour gravels, are deposited over 
the Permian beds. Farther southeast a peculiar conglomerate, com- 
posed of vari-colored quartz pebbles in a quartzitic matrix, occurs 
in many places in the hills. The writer believes this is of Tertiary or 

•Tlie Btratlgrapliy of the .Vlbuiiy Itcils In the vicinity ot foloniilo rlvcu is fully 
ilesci-thed Uy J. \V. Beetle lu 'The (icolocy of Itunncis County." I'lilverslty of 
Tesjis Bull. No. l«ni. 1018. 

tUoliloii, 0. H., (leDlofry iinil UiiderKrounil Waters of the Wl<rhitii region, north. 
ceutnil Toxjis; W. S. I'Hiier T'. S. (ie«l. Siiivey Xo. ;nT, 101.3. 
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PleiBtocene age and probably the extension of the Seymour gravels. 
Some gravels from the Comanchean beds are also residual on the hills. 

The reworked gravels from these conglomerates and from those 
of the Cisco or Strawn formations, occur at different levels along 
the larger stream valleys and may easily be mistaken for the con- 
^omerates interbedded in the Cisco and Strawn formations. In 
genera], conglomerates should be used with extreme care in deter- 
mining the structure of the region. 

Another type of deposit which is confusing to one unacquainted 
to the region is known as "Caliche." This is a calcareous deposit 
formed by the evaporation at the surface of lime-bearing waters. 
In the semi-arid regions, the water is drawn from considerable 
depths by the capillarity of the rocks and on evaporating at the sur- 
face leaves a calcareous deposit cementing the soU into a firm mass, 
or even building up a nearly pure deposit of calcium carbonate, 
'viiucfa may reach a thickness of several feet. "Caliche" may present 
the appearance of a bedded rock and so lead to error in determin- 
ing structure. "Caliche" occurs to some extent over the southern 
and southwestern part of the Pennsylvanian-Permian region but 
is more abundant farther to the south and west. 

HIGH PLAINS REGION. 

." The High Plains region in Texas includes the extreme western 
and northwestern part of the state. It embraces all of the counties 
west and northwest of an irregular line drawn from the northeast 
comer of the Panhandle slightly west of south to Howard county, 
tltence southwest to Pecos river in Crane county, and thence north- 
west along the Pecos to the New Mexico line in Loving county, 

Physiographically the High Plains region is a plateau of gen- 
erally smooth, monotonous surface but broken by many deep, steep- 
sided canyons. The High Plains of Texas are the southward con- 
tinuation of the Great Plains, which stretch along the eastern side 
of the Rocky mountains. In Texas the valley of Canadian river sep- 
arates the Plains into two divisions, the Panhandle High Plains to 
the north and the Llano Estacado or Staked Plains to the south. The 
soothem boundary of the High Plains is the valley of Pecos river. 
The eastern boundary is a high, precipitous escarpment formed by a 
limestone (caliche) locally known as the "cap rock." 

The surficial rocks of the High Plains are continental deposits 
of late Tertiary and Quaternary age, which are underlain by Trias- 
sic beds, some remnants of Comanchean rocks, and the Permian 
beds previously described. 

The Tertiary and Cenozoic rocks are derived from the Rocky 
mttuntains and thin to the east. They are so irregularly bedded and 
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so unconsolidated that they give no clue to the structure of the un- 
derljring rocks. 

The structure of the Permian beds is a broad syncline with 
the deepest part under the High Plains. Several minor folds are 
known in the Permian rocks. The stratigraphy of the High Plains 
is discussed briefly in the following paragraphs. 

TRUSSIC SOCKS. 

Dockum beds — The Dockum beds, named and described by 
Drake, outcrop in a belt under the "cap rock" along the eastern es- 
carpment of the High Plains. The beds consist of sandstone, and 
sandy clay. The individual beds are lenticular and cross-bedded. 
The prevailing color is red but there is much variation and the 
sandstones are locally gray or brown in color, while maroon, white, 
' lavender and yellow shades are common in the clays. Although the 
Triassic beds resemble the underlying Permian Redbeds, the charac- 
teristics given above serve to differentiate the two systems. Silici- 
fied and lignitized wood and reptilian remains have been found 
which show the age of the Dockum beds to be late Triassic corre- 
sponding to the Keuper of Europe. 

TERTIABY ROCKS. 

Rocks of Tertiary age occur over most of the High Plains re- 
gion but in most places form only a thin mantle and are generally 
less than 100 feet in thickness. The rocks are mostly of Mioc«ne 
and Pliocene age. Some of the deposits have received distinctive 
names such as the Panhandle beds of middle and early Miocene age, 
the Clarendon, Loup Fork or Goodnight beds of the late Miocene 
and the Blanco beds of the middle Miocene. 

PLEISTOCENE (AND PLIOCENE?) ROCKS. 

Over the greater part of the High Plains, it spread a deposit 
of sands, gravels and clays of Pleistocene (probably in part Plio- 
cene) age. The beds, as a whole, are composed of material of the 
same character over the whole region, but the individual beds are 
of small extent and detailed sections show great variation within 
short distances. The materials are derived from the rocks of the 
Rocky mountains to the west and, to some extent, of the more re- 
sistant materials of the lower rocks which have been reworked into 
the gravel beds. The Pleistocene beds of the High Plains are known 
as the Tule or Rock Creek beds and, in a general way, may be con- 
sidered as belonging to the widespread Lafayette formation. The 
Tule or Rock Creek beds are thin in most places but locally reach 
a thickness of 300 feet. 
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"Caliche" occurs but it is not so widespread as in regions in 
which the bedrocks are more calcareous. The "Cap Rock" is prin- 
cipally a development of "Caliche." 

CORDILLERAN REGION IN TRANS-PECOS TEXAS. 

The Cordilleran region in trans-Pecos Texas, is the southern 
continuation of the eastern ranges of the Rocky mountain system. 
The area is the western half of trans-Pecos Texas, and contains El 
Paso, Jeff Davis and Presidio and the greater parts of Brewster and 
Culberson counties. 

The region is one of low, plateau-type mountains separated by 
low plains. The altitude varies from about 1,500 feet in the valley 
of the Rio -Grande in the southeastern part of the region to about 
8,700 feet in El Capitan, the principal peak of the Guadalupe moun- 
tains. 

Three mountain ranges with two intervening valleys extend 
parallel to each other across the region in a northwest-southeast 
direction. 

The western range is the Franklin mountains which extends 
northward from near El Paso and is continuous with the Organ and 
San Andreas mountains of New Mexico. 

The middle range consists of the Diablo plateau which has 
series of peaks or hills along its western and eastern margins. The 
western division of the middle range includes the Hueco, Cerro Alto, 
Finlay, Sierra Blanca, Malone, Quitman, Devil's Ridge, and Eagle 
.mountains and the eastern line is made up of the Carnudas, Sierra 
Diablo, Baylor, Carriso, Van Horn, Tierra Vieja, Chinati Crenaga, 
Sierra Bafecillos and Mesa de Anguila. 

The eastern or front range enters Texas from New Mexico as 
the Guadalupe mountains and continues to the southeast as the Dela- 
ware, Davis, Mount Ord, Santiago and Sierra del Carmen, 

In its broad features, the structure of the region consists of two 
great anticlinal arches, whose axes correspond in a general way with 
the eastern and western ranges just described. The Diablo plateau 
with its subsidiary mountains occupies the synclinal trough between 
the two great anticlines. In its details the structure is quite complex, 
showing much minor folding and faulting. The great mountain- 
making movements took place in late Pliocene or Pleistocene time. 
An earlier period of folding is shown where erosion has cut through 
the younger and into the older rocks. This folding took place in 
late Paleozoic times, at the same time as the folding at the Ar- 
buckle, Wichita and Llano-Burnet mountains. 

The details of the stratigraphy have been worked out in only 
a few localities and it is possible to give here only the major fea- 
tures so far as known. 



r>' Google 



110 Oil and Gas in the Mid-Continent Fields. 

The Upper Cambrian is represented by sandstone and conglom- 
erate from 300 to 700 feet thick. The Ordovician rocks consist of 
dolomitic limestone about 1,250 feet thick in the El Paao region 
and shales, sandstones, limestones and cherts about 2,000 feet thick 
in the Marathon region. The only Silurian rocks known in Texas 
are limestones about 1,000 feet thick which are found in the Frank- 
lin and Hueco mountains and the upper part of a chert formation 
in the Marathon region. No rocks, which are certainly of Devonian 
or Mississippian age, are known, but a novaculite in the Marathon 
region is probably Devonian and a chert formation in the same re- 
gion has been regarded as Mississippian. 

The Pennsylvanian in the southern part of the trans-Pecos re- 
gion consists of a great thickness of all the common types of sedi- 
mentary rocks, with shales and sandstones predominating. The 
thickness of these beds in the Marathon region is about 5,000 feet; 
in the vicinity of Shafter in Presidio county the upper Pennsylvan- 
ian is represented by about 4,500 feet of sandstone and shale with 
minor amounts of limestone. In the northern part of the region, 
the Pennsylvanian shows a very different aspect from that shown 
in the southern trans-Pecos or in central Texas and consists almost 
entirely of limestone (Hueco limestone.) The thickness is about 
5,000 feet. 

The Permian in the Marathon and Shafter regions is largely 
calcareous but contains considerable .clastic material. In the Mara- 
thon region the beds attain a maximum thickness of over 6,000 feet. 
In the northern trans-Peoos, the Permian has been divided into the 
Delawaree mountain formation, Capitan limestone, Castile gypsum 
and Rustler formation. The Castile gypsum is probably equivalent 
to the Capitan limestone. No Triassic rocks are known in trans- 
Pecos Texas. Jurassic rocks (Malone formation) are present 
in the Malone mountains. They consist of blue and gray limestones 
with smaller amounts of shales, sandstones and conglomerates, hav< 
ing a thickness of from 1,500 to 2,000 feet. The beds represent 
only the later part of the Jurassic period. 

The Comanchean is well represented and has a wide areal dis- 
tribution. Some beds in the Malone mountains probably belong to 
the lowest Comanchean, but their thickness and extent are unknown. 
The Trinity division is represented by sandstones, clays, conglomer- 
ates and siliceous limestones. There is much variation in the sec- 
tion in different parts of the region. The entire thickness of the 
Trinity is over 1,000 feet. In general the Trinity lies unconform- 
ably on - Pennsylvanian or Permian beds. The Fredericksburg di- 
vision reaches a maximum thickness of about 1,275 feet and is 
composed principally of limestone although sandstones predominate 
locally. The Washita division is present and is represented by the 
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same type of beds as in north-central Texas, but they have not been 
sufficiently studied to permit of definite correlations being made. 

The Upper Cretaceous is in general similar to that of central 
Texas. The Eagle Ford shale, Austin chalk, Taylor marl and 
Navarro formation are all represented. The thickness of the Upper 
Cretaceous ia in excess of 2,500 feet but all the formations are not 
known to be present in a single locality. 

Igneous rocks of many different varieties both intrusive and ex- 
trusive are abundant in the trana-Pccos region. A considerable 
portion of the territory is covered by rhyolitic flows and several 
of the mountains are composed of intrusive igneous rocks. 

The inter-montane valleys are partially filled with Quaternary 
alluvium or "Boison" deposits which may reach a thickness of 1,000 
feet or more. "Caliche" is of common occurrence throughout most 
of the region. 

TO YAH BASIN. 

The Toyah Basin region is a large, "Bolaon" filled valley of the 
trans-Pecos region, but on account of its size is usually considered as 
a distinct physiographic sub-province. 

EDWARDS PLATEAU. 

The Edwards plateau comprises a large area in south-central 
Texas. Its boundaries are the north-central plains and the Ltano- 
Bumet region on the northeast; the Balconea escarpment, which 
separates the plateau from the Gulf Coastal plain to the south- 
east; the Rio Grande and the Cordilleran region of trans-Pecos 
Texas, to the south and southwest ; and the Toyah basin and High 
(Staked) plains to the northwest. Pecos river cuts the Edwards 
plateau in a deep channel, and the portion of the plateau southwest 
of the Pecos may be distinguished as a separate sub-province, the 
trans-Pecos plains. The Edwards plateau comprises all or parts of 
the following counties : Glasscock, Sterling, Coke, Tom Green, Con- 
cho, McCulloch, Menard, Mason, Gillespie, Blanco, Travis, Hays, 
Comal, Kendall, Kerr, Kimble, Sutton, Schleicher, Irion, Reagan, Up- 
ton, Crane, Crockett, Val Verde, Edwards, Real, Bandera, Bexar, 
Medina, Uvalde and Kinney, and the trans-Pecos plains contain all 
of Terrell, most of Pecos, and small portions of Brewster and Reeves. 

The surface of the area is characterized by broad flat-topped 
areas separated by narrow canyons. The principal streams have 
cut deep and rather narrow canyons into the plateau. The rainfall 
is slight, and the entire area is devoted to grazing. The streams are 
all intermittent through most of their courses, with permanent 
waterholes locally. Timber is practically absent, some small mes- 
quite on the lower lands, some small cedars along the "breaks," and 
a few larger trees near the waterholes, being the only growths. 
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The surface rocks of the plateau are of Comanchean age. The 
Comanche Peak and Edwards limestones of the Fredericksburg di- 
vision are the surficial formation over about 90 per cent of the area. 
The Glen Rose formation of the Trinity division, outcrops in the 
deeper valleys, and the formations of Washita division are present 
in a fringe along the southeastern and southern margins of the area. 

The stratigraphic succession of the area is as follows : 

(■(►MAXCHKAX (I.O\VI-:it CiarrACKOl'S I SYSTEM. 
Wathita division 
BwU limestODe 
Del Rio clay 
(ieorgeton'Q fornintlou 

Fredericksbarg divition 
RdwanlH IlmestoDe 
Coniancbe peiik lliiiestoiie 
Walnut clays 

Trinity dii!i»ion 
Polasr Bands 
<ilen Rose formntloB 
Travis Peak formation (Basement sands.) 

The beds are described in the following paragraphs beginning- 
with the lowest. 

Travis Peak formation: The Travis Peak formation, which 
corresponds to the beds known as the Basement sands in the north- 
central part of Texas, lies unconformably on the steeply dipping 
Paleozoic rocks around the southeastern and southern margin of the 
Llano-Burnet uplift. Here the lower part consists of conglomerates, 
sands and bluish clay shale, and the upper part of calcareous sand- 
stone, marly and mieaceous limestone with bands of conglomerate. 
The whole formation is from 250 to 300 feet in thickness. The charac- 
ter and thickness of the formation in its southern extent beneath 
the younger beds of the Edwards plateau is unknown. 

Glert Rose formation : This formation outcrops in nearly all the 
deeper valleys of the Edwards plateau. In the northern part of the 
region it consists of thin even-bedded, chalky limestones, usually 
gray to yellow in color, separated by thin beds of sandy and cal- 
careous or marly clay. The average thickness is about 300 to 400 
feet, but there is much variation in thickness. The formation 
thickens from west to east. Borings in the vicinity of Austin show 
the thickness to be about 600 feet. Southward toward the Rio 
Grande, the Glen Rose grades into a hard limestone which is with 
difficulty separated from the overlying beds. 

Paluxy sand: This formation is an important member of the 
Trinity division in part of north-central Texas, but it thins to the 
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south and disappears in Travis and Burnet counties near the northern 
marsrin of the Edwards plat«au. 

Walnut clays : This formation, the lowermost of the Fredericks- 
burg division, is very distinct in the region northeast of the Llano- 
Bumet uplift, but In the Edwards plateau it either is absent or has 
changed in character until it can not be separated from the over* 
lying Comanche Peak limestone. 

Comanche Peak limestone : The Comanche Peak formation in 
the Edwards plateau consists of about 50 feet of argillaceous and 
marly, white limestone, which generally weathers to a buff color. It 
is usually softer and more porous and the weathered surface is of a 
somewhat darker color than that of the overlying Edwards lime- 
stone but the two formations grade into each other and their sep- 
aration must be made on paleontologic grounds. The Comanche Peak 
outcrops on the slopes of the deeper valleys. 

Edwards {Capriva, Barton Creek) limestone: The B^wards 
limestone is a hard white limestone containing many flint concre- 
tions. In the Edwards plateau, the Edwards limestone covers by far 
the greater part of the surface and is responsible for the character 
of the topography and soil. The thickness of the Edwards in this 
region is about 300 feet. It has been ascribed a thickness of over 
600 feet near the Rio Grande but this includes both higher and 
lower beds which become very similar to the Edwards toward the 
south. 

Georgetown formation: In the Edwards plateau the George- 
town is represented by limestone not easily distinguished from the 
underlying Edwards, and to the south toward the Rio Grande it 
has not been differentiated. 

Del Rio clay: The Del Rio clay is typically developed in the 
area under consideration. It consists of greenish, laminatel pyrit- 
iferous and gypsiferous clay, with thin slabs of shell breccia, and 
thin layers of arenaceous limestone. The thickness varies from 30 
to 200 feet. 

Buda {Shoal Creek, Vola) limestone: The Buda limestone is a 
white to yellowish limestone, fairly soft, thin-bedded in the lower 
part and heavy-bedded above. Its thickness is about 80 feet along 
the Rio Grande, thinning northward to less than one foot along 
Brazos river. The Buda outcrops along the Balcones escarpment and 
covers considerable areas in the southern and southwestern parts 
of the Edwards Plateau, especially in the trans-Pecos plains. 

"Caliche" of recent age is of common occurrence. 

Igneous rocks: Along the Balcones escarpment fA. the south 
eastern edge of the Edwards plateau, there are notable intrusions of 
basalt and phonolite. The intrusions are probably early Eocene in 
age. In the western part of the trans-Pecos plains, there are igneous 
rocks belonging to the Cordilleran province. 
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Structure — The structune of the Edward* plateau is ver>' sim- 
ple. The rocks in general have a very gentle dip to the south and 
southeast. Over much of the region the dip ii so slight that beds 
must be followed for a considerable distance to determine the dip. 
Toward the southeast in the vicinity of the Balcones escarpment the 
dip increases rapidly to 70 or 80 feet to the mile. The Balcones es- 
carpment is a faulted zone and the faulting combined wflh the- ig- 
neouB intrusions mentioned above produces very complicated struc- 
ture which is well shown oh the United States Geological Survey 
map of the Uvalde quadrangle. Within the Edwards plateau one 
anticlinal fold of some magnitude is shown on the map of the Nueces 
quadrangle. The fold is in southern Edwards county along West 
Kueces river. 

BLACK AND GRAND PRAIRIES. 
The Black and Grand prairies region is bounded on the west 
by the North-central plains (Pennsylvanian area) and on the east 
by the Gulf Coastal plain. To the north the region extends into 
Oklahoma. To the south the Edwards plateau may be regarded as 
the continuation and expansion of the Grand prairie, while the Black 
prairie is continued as a narrow belt along the Balcones escarpment 
to Red river and on into Mexico. The region is underlain by rocks 
of Comanchean and Cretaceous age. The two systems are very simi- 
lar in general characteristics, both having important beds of sand at 
the base, and having their upper parts composed of clays, marls and 
limestones. Most of the limestone and marl formations weather to 
form a deep, rich, prairie soil which gives the names of the region. 
The region as a whole may be divided into four areas, beginning at 
the west. 

1. West cross-timbers, formed by the outcrop of the Trinity 
sand at the base of the Comanchean. This is a belt of considerable 
relief, of very sandy soil, mostly covered with a fairly dense growth 
of scrub oak. 

2. Grand prairie, formed by the outcrop of the limestone aniT 
clay formations of the Comanchean. The topography is "stair-step" 
with the resistant beds forming escarpments facing northwest. The 
soil is generally deep and rich, although some of the limestones have 
a thin rocky soil. The area is treeless except along the streams, 

3. East cross-timbers, formed by the outcrop of the Wood- 
bine (Dakota) sand at the base of the Cretaceous, The topography 
and other characteristics of the area are very similar to those of 
West cross-timbers. 

4. Black Prairie, formed by the outcrop of the clays, marls and 
limestones of the Cretaceous. The territory is similar to the Grand 
prairie, except that the formations are usually softer and weather 
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more readily, producing a deeper soil and a more regular topog- 
raphy. 

The region as a whole, includes all or part of the following 
counties: Bowie, Red River, Lamar, Delta, Hopkins, Fannin, Hunt, 
Gr«yson, Cooke, Montague, Wise, Jack, Denton, Collin, Rockwall, 
Kaufman, Dallas, Tarrant, Parker, Hood, Erath, Eastland, John- 
son, Ellis, Navarro, Hill, Bosque, Comanche, Brown, Mills, Hamilton, 
Correll, McLennan, Falls, Bell, Lampasas, Burnet, Williamson, 
Travis, Hays, Caldwell, Comal, Guadalupe, Bexar, Medina, Uvalde, 
Kinney, Val Verde and Maverick. 

The stratigraphic succession of the beds in the Black and Grand 
prairies is as follows : / 

rRHTACKfiun srsrsM. 

Nnvarro (oruiatloii. 

Taylor foriuatlod. 

Austin chalk. 

Eiigle Ford fonuatloii. 

Woodbine foniintlon (present only In north piirt of r^lon.) 

COMANCtlEAN 8Y8TEM. 

Wnshita DlFlsIon. 
South. North. 

Bwia limestone Represented by part of Woodbine formntlon 

l>el Rio clay Pottsboro aab^roap 

<ipoi^towu formation Grayson marls. 

Mainetreet limestone 

Denton eub-groap 

Ft. Worth limestone 

Buck Creek formation 

Kiamltta clay. 

Fredericksburg Dlvlalon. 

South. Xoi-th. 

Ii^lwurds limestone ftoodlHnd limestone 

(Comanche Peak limestone Walnut clays 

Walnut clnys 

Trinity Division. 
Soutto. North. 

Paluxy formation Antlers sann 

<>len Rose formation 
Basement sands 

The variations in the section are shown in fig. 60 and 61. 

COHANCHEAN SYSTEM. 

Trinity division : The Trinity division outcrops in the belt along 
the west side of the region which is known as the West cross-timbers. 
In the northern part of the region, from Red river south to Parker 
and Wise counties the whole division is represented by sands which 
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are known as the Antlers sand. South of Parker and Wise counties, 
a limestone formation is present in the middle of the division. This 
makes a three-fold division of the Trinity with the Basement sands 
at the base, the Glen Rose (limestone) formation in the middle 
and the Paluxy sands at the top. The Paluxy sands have a maximum 
thickness of about 100 feet. The Glen Rose formation is about 300 
feet thick in the southern part of the region, but thins and disap- 
pears to the north. The Basement sands are from -50 to 120 feet 
thick in the south part of the region. The sands, representing the 
whole Trinity division, in the north part of the region, range from 
about 300 to 500 feet in thickness. 

Fredericksburg division: The Walnut elays are composed of 
marly laminated, yellow clskys, within semi-crystalline limestone flags. 
The beds thicken northwards from about 25 feet in the valley of 
Bosque river to about 200 feet near Red river. 

The Comanche Peak limestone is about 50 feet thick in the 
southern part of the area, and the Edwards limestone is about 300 
feet thick. They both thin to the northward and cannot be dis- 
tinguished from each other. In the extreme northern part of the 
area both are represented by the Goodland limestone which is from 
15 to 50 feet thick. The Goodland forms a very pronounced north- 
westward facing escarpment above the soft Antlers sand. 

Washita division: This division varies greatly in character 
from north to south and many names have been applied to the sub- 
divisions. The Georgetown formation, consisting of gray marly 
limestone, with marls and shales, is about 80 feet thick in the 
southern part of the region. North of Little river the lower part 
of these beds changes to dark blue, bituminous, laminated clays with 
thin beds of impure bituminous limestone. These are known as the 
Kiamitia clays and reach a thickness of about 150 feet. The upper, 
calcareous part of the formation is known as the Fort Worth lime- 
stone. Northward from Brazos river still other beds appear. Be- 
tween the Kiamitia clays and the Fort Worth limestone, a series of , 
white, chalky limestones and blue marls appear. This series is 
known as the Duck Creek formation. It is 40 feet thick at Fort 
Worth and 194 feet at Denison. The Kiamitia clays and Duck creek 
formations have been grouped together as the Preston beds. 

The Fort Worth limestone continues through to Red river with 
a fairly uniform thickness of about 100 feet. 

North of the Trinity river, several beds come in above the Fort 
Worth limestone. These are with their greatest thickness aa follows : 

Weiio sul>-)ti-oup 

I'.-nvpiUV ImhIs 1 4(1 feft 

Oi'trry liiiiestoiii' .1 fpft 

Wpho foi-njntloii 40 fiH't 

Henlon wMh-Rrmip 3,1 feet 
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All these beds consist principally of marl and clay with some 
sand in the Weno formation. All these beds represent the extreme 
upper part of the Georsretown formation. 

The Del Rio elay as recognized in the Edwards plateau con- 
tinues northward to Brazos river. Farther north it grades imper- 
ceptibly into white marly limestones and yellow marls. These beds 
are known as the Pottsboro sub-group and are divided into the 
Mainstreet limeatone below and the Grayson marls above. The 
Mainstreet (named from exposures on Main street, Denison) 
limetone is from 15 to 25 feet thick and the Grayson marls about 
60 feet thick. 

The Btida limestone of the Edwards plateau disappears near 
Brazos river. To the northward it is probably represented by the 
lower part of the Woodbine formation, which, however, is gener- 
ally considered to be' of Cretaceous age. 

CRETACEOUS SYSTEM. 

Woodbine formation: As indicated in the preceding paragraph, 
this formation includes the equivalent of the Buda limestone. The 
Woodbine consists largely of ferruginous, argillaceous sands, brown 
to red in color, accompanied by bituminous, laminated beds. The 
formation is about 500 feet thick at Red river but thins rapidly to 
the south, and disappears near Brazos river. 

Eagle Ford formation : The Eagle Ford shale in the north part 
of Texas, is composed of blue and black laminated clays with large 
septaria, sands, shales, and thin layers of brown limestone. The 
upper sandy part has been called the Blossom sand. Southward the 
formation becomes in part more calcareous and in part more sandy, 
and near the Rio Grande it consists of thin bedded limestone alter- 
nating with marly clay to which the name Val Verde flags has been 
applied. The thickness varies, in the northern part of the state it 
is about 600 feet, decreasing southward to about 50 feet near Austin, 
and then increasing to 200 tg 250 feet near the Rio Grande. West- 
ward along the Rio Grande the formation thickens to 600 feet. 

Austin chalk: The Austin chalk consists of fairly thick-bedded 
impure chalk, containing nodules of pyrite and interst ratified with 
marly beds. The upper part generally contains more marl and leas 
chalk than the lower part. Near Red river the Austin chalk is rep- 
resented by two formations, the Brownstown marls below and the 
Anona chalk above. Near the Rio Grande the formation loses its 
chalky character and hard, white limestone predominates. This 
phase of the formation has been called the Pinto formation. The 
thickness of the Austin chalk varies from about 400 feet to about 
750 feet. 

Taylor formation: This- formation consists of laminated cal- 
careous, bluish black marls, which weather into a whitish yellow 
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clay. The boundary between the Taylor marls and the overlying 
Navarro formation cannot be definitely located since the formations 
are very similar and grade into each other. In the Red river re- 
gion, the Taylor is probably represented by the Marlbrook (Kicka- 
poo) marls. On the Rio Grande, the Upson clays, a dark gray or 
greenish gray clay, weathering yellow and containing crystals and 
seams of gypsum, probably represents the Taylor formation. 

In the Uvalde region and in the Anacacho mountains in Kin- 
ney county the Upson clays are replaced by the Anacacho forma- 
tion, a series of yellow limestones and calcareous sandstones. The 
upper parts of ths formation probably represent part of the Na- 
varro formation. The Taylor marls are about 600 feet thick; the 
Upson clays about 500 feet thick, and the Anacacho formation about 
400 feet thick. 

Navarro formation: The Taylor marls grade upward in the 
glauconitic marls of the Navarro formation which also contains 
some limestone, black clays and sandstone. The character of the 
Navarro changes so rapidly that several names have been applied 
to the formation and its sub-divisions. Besides the name Navarro, 
the formation, as a whole, has been called the Upper Arenaceous 
series, the Glauconitic division, Webberville beds and the Bexar for- 
mation. In the vicinity of Red river the Navarro is divided into 
the Nacatoch sand member, consisting principally of glauconitic 
sand, 60 to 160 feet thick, and the Arkadelphia clay, consisting of 
dark laminated clay, 200 to 500 feet thick. In the vicinity of Cor- 
sicana, two sub-divisions are recognized, the Corsicana beds and 
the Kemp beds. The name Webberville formation was applied to 
the whole series of beds in the vicinity of Austin, 

In the Uvalde region the Navarro is represented by the top part 
of the Anacacho limestone and by the PuUiam formation which con- 
sists of brown ferruginous sandstone with clays and maris and 
some hard limestones. Near the Rio Grande, the equivalents of the 
Navarro formation are known as the Eagle Pass formation which 
consists of: 

1. San Miguel beds, gray and brown, quartzltic and calcareous 
sandstone interbedded with clays and shales. 

2. Coal series, clays, dark shales, and white and yellow sand- 
stones, with seams of coal and fire clay. 

3. Escondido beds, white yellow to brown sands, sandstones, 
and conglomerates, with greenish blue clays and some gray lime- 
stone. 

The thickness of the Navarro cannot be determined definitely 
on account of the indistinct separation between tiiis formation and 
the Taylor, but it is probably 600 to 800 feet. 

The variations in the Cretaceous sections are shown in fig. 60. 
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GULF-COASTAL Pl^AIN. 

From a physiographical standpoint, the Gulf Coastal plain lies 
between the Balcones fault zone and the Gulf of Mexico, but for the 
purposes of this book it seems best to consider the region as be- 
ginning at the contact between the Cretaceous and Eocene rocks. 
The region is thus co-extensive with the area of the Tertiary and 
Quaternary rocks of the Gulf Coast. 

The region includes all the counties lying south and east of a 
line passing through Bowie, Titus, Hopkins, Hunt, Kaufman, Hen- 
derson, Navarro, Limestone, Falls, Milam, Williamson, Bastrop, 
Caldwell, Guadalupe, Bexar, Medina, Uvalde, Zavalla and Mav- 
erick counties. 

The Gulf Coastal plain is a region of low relief. For a dis- 
tance of 50 to 100 miles from the coast the slope is very gentle, about 
one foot per mile. Farther back the slope is steeper and the relief is 
greater. The topographic features are broad valleys and broad 
flat ridges which slope to the southeast. 

At the beginning of Tertiary times there were two great em- 
bayments, one along the present course of the Rio Grande and one 
along the Mississippi. The divide between Colorado and Brazos 
rivers marks the division between these embayments, and the early 
Tertiary sediments show great variation to the north and to the 
south of this divide. The embayments are not well marked after the 
close of the Oligocene. 

The Tertiary and Pleistocene rocks are mostly unindurated 
sands and clays, with some gravels, beds of lignite and a few lime- 
stones. 

The rocks dip gently to the south, southeast or east toward the 
Gulf of Mexico. The rate of dip is greater than the slope of the 
surface so that successively younger beds are encountered as the 
Gulf is approached. 

There are probably many variations in the striicture but owing 
to the unindurated nature of the rocks exposures are very scarce 
and the individual beds are hard to follow, so that the presence of 
minor structures is very diificult or impossible to determine in most 
of the region. 

Ilie stratigraphic succession is as follows : 



iiuatertuirii 




Recent 
Pleistocene. 




EiUt Quit Coast. 


We»t Oulf Coatt 


Port Hodaon-Cotambla 
(Beanmont or coast cUys) 
r^r»yette (Ltale) 


Port HudBoo-ColniubIa 
i<:quu8 beds 
Uvalde. Reynosa 
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Tertiary 




,PUocene 




Fleming (In pnrt) 


Lagurto 




Loinra 


Miocene 




Plemlng (In part) 


Onkvlll*. 


Oligocene 




Cotrigan or Catalioulu 


(Absent) 


Eocene 




Jackson 


{Absent* 


Claiborne 


Clnlboroe 


(AbsMit) 


Frio 


(Absent) 


T'ayette 


Y*pia or Cockfleld 


Tegna 


Cook Mountain 


CoukBIountxIii 


Mount Selman 


MonntSelmnn 


Queen Clty-Carrlso 


Cnrrlm. 


WllWM 


WM«i\ 


Midway. 


Ml.lwny (Mj-rli'kl 



EOCENE SYSTEM. 

Midway Group. 
The Midway consists in Eastern Texas predominantly of clays 
and in southwestern Texas is more sandy and has some marine lime- 
stone near the base. The thickness varies from 200 to 400 feet. 
The Midway is also known as the Basal Eocene and Will's Point. 

Wilcox Group. 
The Wilcox is marine in the vicinity of the Sabine river, where 
both the upper and tower Wilcox of the Alabama section is repre- 
sented. The non-marine Wilcox in northeastern Texas . is composed 
of sands, sandstones and clays, with some beds of li^ite, the whole 
having a thickness of 800 to 1,200 feet. The Wilcox in places over- 
laps the Midway and rests upon the Cretaceous. The Wilcox in 
the, western part of the region consists principally of siliceous sands, 
with small amounts of glauconitic sands, vari-colored clays and 
■ beds of lignite. In the extreme western part of the area the Wilcox 
forms the middle part of what has been mapped as the Myrick for- 
mation, and is about 800 feet thick. 

Claiborne Group. 

The lowest formation of this group is called the Queen City in 
the eastern part of the region aiid the Carrizo in the west. It is the 
upper part of the Myrick formation of the Uvalde region. The 
Queen City-Carrizo formation is dominantly sandy and has a 
thickness of from 50 to 200 feet. 

The Mount Selman in eastern Texas is made up of dark green 
and brown sands, with thin beds of iron ore and lignite and beds 
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and coDcretions of limonite. The workable iron ore is limonite 
concentrated near the surface. In the western part of the area, the 
Mount Selman consists of ferruginous sands and sandstones, or al- 
tered glauconite, with rounded calcareous sandstone concretions, 
carrying marine fossils in places, and beds of clay and shale. The 
thickness of the formation in the eastern region is about 360 feet 
and in the western from 225 to 475 feet. 

The Cook Mountain formation is very similar to the Mount 
Selman in both parts of the region. The thickness in the eastern 
part of the region is about 400 feet and in the western part about 
540 feet. 

The Yegua formation is only partly of marine origin. It is dcm- 
inantly clay in the lower part and sand in the upper. Important 
beds of lignite are present in the middle part of the formation. 
Along the Rio Grande the Yegua contains some limestone and gyp- 
sum. The thickness varies irregularly from 375 feet in the eastern 
part of the region to 1,400 feet at the Kio Grande. 

The Fayette formation consists principally of sands and sand- 
stones with some beds of lignitic clays and lignite. The sands are 
locally indurated to a condition approaching that of quartzite, silici- 
fied wood is common. The thickness of the formation is from 400 
to 600 feet. The Fayette is not known to occur east of Brazos river. 

The Frio formation is composed largely of yellow and dark 
clays, which weather white, with some gypsum and volcanic ash. 
The formation is about 660 feet thick near the Rio Grande but thins 
to the northeast and disappears about Colorado river. 

Jackson Group. 
The Jackson is present only in the portion of the region east of 
Brazos river. The formation consists of clays and sands of differ- 
ent characteristics. The greater part of the formation is marine. 
At least two beds of volcanic ash are present in the upper part of 
the formation. The formation has a thickness of 400 to 500 feet. 

OLIGOCENE SV8TKM. 

The Corrigan (Catahoula, Grand Gulf) has been provisionally 
correlated with the Grand Gulf Oligocene. It consists of coarse 
"rice" sand and sandstone at the base, overlain by finer sands and by 
yellowish green clay and claystones with plant remains. The for- 
mation is non-marine and occurs only in the eastern part of the 
Gulf Coast region. The thickness ranges from 250 feet to 600 feet. 

MIOCENE AND PLIOCENE SYSTEMS. 
In the eastern part of the Gulf Coast region the Miocene and 
Pliocene systems are represented by the Fleming formation. It is 
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composed of clays and sands with quantities of calcareous concre- 
tions. The ciay is generally light colored, but weathers to a black, 
sticky soil. In the western part of the region, the Fleming is repre- 
sented by the Oakville, Lapara and Lagarto formations which consist 
of generally unconsolidated, sand and clays. 

PLEISTOCENE SYSTEM. 

The Pleistocene system is represented principally by the La- 
fayette formation or its equivalents which cover considerable areas, 
not only in the Gulf Coastal plain but also in other areas in Texas. 
The Lafayette consists principally of sand with varying proportions 
of conglomerate. The nature of the pebbles in the conglomerate 
diflfers greatly in different localities, being derived from the older 
rocks in the vicinity. The Lafayette, or its equivalent, overlaps 
most of the older formations ; and forms a blanket over the uplands, 
and terraces along the streams. The bedding of the Lafayette is 
very irregular and, since it effectually obscures the older rocks, the 
structure cannot be determined in the areas in which it occurs in 
any thickness. In the vicinity of the Rio Grande the Pleistocene 
gravels and sands are known as the Reynosa formation and in the 
Uvalde region as the Uvalde formation and on the eastern Gulf 
Coast as the Lizzie. They correspond in a general way to the Sey- 
mour and Tule or Rock Creek beds of the Great Plains areas. In 
thickness the Lafayette varies from a very thin mantle to 500 or 
possibly 800 feet along the Gulf Coast and to over 1,000 feet in the 
inter-montane valleys in trans-Pecos Texas. 

Port Hudson and Columbia formations — These formations are 
closely related. The Port Hudson occurs along the Gulf Coast low- 
lands and the Columbia includes the deposits of the "second bottom" 
terraces of the rivers and grades into the Port Hudson near the 
Gulf. The Columbia extends far up the major streams across the 
Black and Grand prairies and into the north-central plains. 

The Port Hudson consists of blue, yellow, brown and, in places. 
reddish limy clays, with numerous small lime concretions. The 
composition of the Columbia is quite similar to that of the Port 
Hudson but it contains a somewhat greater proportion of sandy ma- 
terial. 

The material of the coastal marshes and of the flood plains of 
the streams is of recent age. 
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V. 

GEOL.OGIC CONDITIONS IN KANSAS, OKLAHOMA AND 

AND TEXAS WITH SPECIAL REFERENCE 

TO PROSPECTS FOR OIL AND GAS. 

Brief mention of the occurrence of oil and gas of the different 
geologic provinces of Kansas, Oklahoma and Texas has been made in 
the preceding section. However, it seems best to consider at some- 
what greater length the relation of the geologic conditions to the 
occurrence and accumulation of oil and gas in each of the regions or 
areas described. 

Kansas. 

Missiseippian area — Mississippian rocks occupy only a few 
square miles in the extreme southeastern comer of the State. This 
area is part of the Ozark mountain region, which occupies a much 
larger area in Oklahoma. The region ia practically without chance 
for commercial production of either oil or gas for reasons which are 
discussed under the Ozark mountain region of Oklahoma. 

Penrisylvanian area — ^The rocks of the Pennsylvanian system 
were laid down under conditions very favorable for the burial and 
preservation of considerable quantities of organic matter. They are 
deposits which were laid down in comparatively shallow water, and 
were built up rapidly. They consist largely of bituminous clays 
and shales, which contain ample supplies of bituminous materials, 
and also sufficient sands to act as reservoirs for the accumulated 
oil or gas. The sands are well sealed by the shales with which they 
are associated. 

The structural features are not pronounced. The general dip 
of the Pennsylvanian beds is about 30 feet per mile to the north 
of west, away from the Ozark mountains. There are many small 
wrinkles and terraces and a few well-defined anticlines. 

The conditions are thus very favorable for the production and 
accumulation of oil and gas, and we find that all the oil and gas so 
far produced from Kansas come from these rocks. 

The areas of production are described in the succeeding sec- 
tion and need not be discussed in this connection. 

Some features, however, should be noticed. An examination 
of the map, (fig. 47) will show three principal areas of produc- 
tion (1) a belt through Montgomery, Chautauqua, Neosho, Wilson 
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and Allen counties; (2) an area in Franklin and Miami counties; 
and (S) a belt through Butler and Cowley counties. These areas are 
separated from each other by almost barren belts in which the 
geologic conditions appear, at first glance, to be just as favorable 
for production as those in the producing areas. 

However, the production in the eastern district (Chautauqua, 
Montgomery, Wilson, Neosho, and Allen counties) comes mainly 
from a group of sands near the base of the Cherokee formation, the 
principal one of which is known as the Bartlesville sand. This body 
of sands thins out and disappears to the west and northwest* so that 
production must be expected from the higher formations. The clays 
in these beds as a rule are not so bituminous as those of the Cherokee 
and the sands are thinner and finer-grained. 

The production in Miami and Franklin counties is probably 
from a higher horizon than that to the south so it does not seem 
probable that the gap between them will be closed up by important 
production. 

Another noticeable feature is the absence of production from 
the northern part of the area. The beds in this region seem to have 
been deposited farther off shore than those to the south. The sec- 
tion is thinner, the clays not so bituminous and sands are almost 
absent to the north. While there may be some small deposits found 
in this part of the Pennsylvanian area, the chances for important 
pools are small. 

Most of the northern part of the area is covered with a thin 
mantle of glacial drift which covers the bed rocks and makes the 
determination of the structure difficult or impossible so that the more 
favorable localities for drilling cannot be determined. 

Permian area — So far no production has been had from the 
Permian rocks in Kansas. The surface rocks in the Butler and 
Cowley county fields are Permian but the production comes from 
well down in the underlying Pennsylvanian. 

In general the Permian rocks are not favorable for oil or gas. 
The lower part of the system consists principally of limestone; the 
middle part of gray to blue clay shale; and the upper part of red 
clays with gypsum and salt and some sands. There does not seem 
to be the requisite amount of organic matter present in any part 
of the system to produce much oil or gas, and in the lower and mid- 
dle parts of the system, which contain more organic matter than the 
Redbeds, sands are practically absent. 

However, the Pennsylvanian beds are in reach of the drill 
throughout the Permian area and may give production where the 
conditions are favorable. 
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The presence of the granite ridge makes a narrow strip 
non-prospective territory, since the possibly productive sands are 
cut out by the granite. The Eldorado and Augusta fields are at the 
south end of this ridge, and the recent development near Elbing and 
Peabody is working northward along the western margin. The 
area actually condemned by the granite ridge, is thus made rathet 
small but the distance northward to which prodi^ction may be car- 
ried along the sides of the ridge end the importance of the produc- 
tion is atill to be proven. 

In general, the probabilities of finding commercial deposits of oil 
or gas in the Permian area decrease from east to west across the area. 
This is because the depth to the possibly productive rocks in the 
Pennaylvanian iricreases in that direction and also because the beds 
in the upper part of the Permian are soft and give few outcrops 
so that, over much of the area, it is impossible to determine the 
surface structure. 

Comanehean area — The area of Comanchean rocks in Kansas is 
very small. The rocks are riot favorable for the presence of oil or 
gas in quantity and the depth to the Pennsylvanian is so great as to 
make the possibilities of obtaining production in the area small. 

Cretaceous area — ^The Cretaceous rocks in Kansas belong to the 
series which underlies the Great plains and a large part of the 
Rocky mountain region^ The rocks consist of shales, sandstone and 
limestone. The materials were derived from the west and the sec- 
tion' in Kansas is considerably thinner than in Colorado and Wyom- 
ing- 

The Cretaceous. system contains the beds which are productive 
in the light-oil fields of Wyoming, but, so far, the extension into 
Kansas of the productive sands and of the conditions favorable for 
accumulation has not been proven. The fields of Wyoming are on 
pronounced anticlinal structures while in Kansas, so far as known, 
the rocks dip very gently in a general easterly direction. 

The Cretaceous rocks in Kansas are, in large measure, very soft 
arid do not furnish good outcrops so that it is very difficult or im- 
possible to determine the structural conditions over much of the 
area. 

In view of these conditions, the chance for finding oil or gas in 
quantity in the Cretaceous rocks must be regarded as small, but not 
as altogether lacking. 

Along the eastern margin of the area, the uppermost Pennsyl- 
.vanian rocks are in reach of the drill. However, since there. is a 
marked unconformity between the Cretaceous and the Pennsylvanian, 
which prevents the structure of the latter from being determined 
from the surface, and since the upper part of the Pennsylvanian is 
not productive farther east, any attempt to secure production from 
the Pennsylvanian through the Cretaceous is very hazardous. 
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Tertiary area — The Tertiary sediments in western Kansas are 
all non-marine and contain no beds giving any possibility of oil or 
gas. They effectually obscure the structural conditions of the un- 
derlying rocks. Any development of oil or gas in the Tertiary re- 
gion must get production in the underlying Cretaceous rocks and . 
as a result of strictly wild-cat drilling. There is, therefore, very 
little probability of any development in this area. 

Pleistocene area — Considerable areas in northern Kansas are 
covered with glacial drift or with loess. These deposits merely cover 
the bed rocks and prevent any determination of structure. The 
chances for production depend upon the underlying bed-recks with 
the added hazard of the necessity for locating tests without refer- 
ence to the structural conditions. 

OKLAHOMA. 

Ozark mountain region — From the standpoint of the nature of 
the rocks and the structure there seems to be no reason why this 
region should not be productive of oil and gas. The Burgen sand- 
stones is a loosely cemented, porous sand, which would form a good 
reservoir for oil and gas, and the shales of the Tyner and the Chat- 
tanooga shale should form a suiiiciently thick impervious layer to 
make a good cap rock. The rocks are folded so that places where the 
structural conditions are favorable for accumulation can easily be lo- 
cated. However, up to the present no deposits of either oil or gas of 
commercial importance are known to have been found in the Boone 
chert, except near the top of the formation considerably to the west 
of its outcrop, or from the rocks below it. The fact is recognized by 
the drillers who almost invariably stop when they are sure that the 
"Mississippi lime" (that is the Pitkin, Payetteville and Boone, has 
been reached. So little detailed geologic work has been done in the 
region that it is impossible to say whether or not any of these 
wells have been located where the structural conditions were favor- 
able for the accumulation of oil and gas, but it is highly improbable 
that all of them should have been located in synclines. The evidence, 
then, points to the fact that although the nature of the rocks and the 
structural conditions are favorable for the accumulation of oil and 
gas if they were present, the Burgen sandstone and the underlying 
rocks must be barren of the organic matter to produce the oil and 
gas. So far as known there are no fossils in the Burgen sandstone 
and fossils are rare in the rocks in Arkansas of the same position 
and lower. In the absence of oil and gas, these rocks back from the 
outcrop are filled with salt water in the anticlines as well as in the 
synclines. The water falls on the outcrops of the older rocks to the 
east in Arkansas and work down the dip, being kept from escaping 
to the surface by the Tyner and Chattanooga shales. In the terri- 
tory along Grand river the water is under sufficient head to rise to 
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the surface wherever the shales are penetrated. The flowing wells 
at Vinita, Claremore, Adair and other places in this region are of 
this type, and it appears that there is practically no hope of obtain- 
ing oil or gas in this part of the area. Very few wells have been 
drilled along the south side of the region, and it may be that small 
pools may be encountered in this part of the area, although the 
chance for any development must be regarded as extremely small. 
Some of the production in the Muskogee district may come from be- 
low the Boone chert, possibly from sands within the Chattanooga 
shale, and this makes some territory in the southwestern portion 
of the O^rks worthy of testing, but the areas are small.' 

Penjisylvaniart region — The geologic conditions in this area are 
extremdy favorable for the formation and accumulation of oil and 
gas. The shales are black and bituminous. The limestones and 
■ sometimes the shales and sandstones are fossiliferous. There is thus 
an abundant supply of organic matter for the formation of oil and 
gas. The coarse-grained, porous sandstones form excellent reservoirs 
and the shales by which they are surrounded are impervious and pre- 
vent the escape of the oil to the surface. The structure is usually 
gentle, but is of the type best adapted to the accumulation of large 
bodies of oil and gas. 

The occurrence of important producing areas in this region is 
to be expected, and it is here that the main fields are found. In the 
portion of the area north of the Arkansas are the Bartlesville, Dela- 
ware-Childers, Goody's Bluff -Alluwe, Osage and other fields; and in 
the portion south of the Arkansas are the Glenn pool, the Gushing 
field, the development around Okmulgee, Muskogee and Henryetta, 
and the gas fields at Poteau and Coalgate. Each of these fields or 
pools is considered in some detail in a subsequent section. 

Ouachita mountain region — In the present state of our knowl- 
edge it must be regarded as doubtful whether the Ouachita mountain 
region contains any oil and gas deposits. No deep drilling has been 
done in the area in Oklahoma, and the writer knows of none in Ar- 
kansas. The rocks, as a rule, are practically barren of fossils, and 
would consequently not be supposed to produce large quantities of 
oil or gas. However, the older rocks, t. e., those ofder than the 
Stanley shale, are somewhat metamorphosed by the forces which 
produced the uplift, and it may be that the traces of animal life 
have been obliterated by the changes which the rocks have under- 
gone. At any rate, the fact that some of the rocks at some time 
contained considerable deposits of oil is proven by the presence of 
considerable quantities of asphalt along faults in the McGee and 
Impaon valleys, and in other localities. 

The structure of the region is very sharp and faults are very 
common. Only a few of the faults are known to have asphalt de- 
posits, so that several conditions seem possible. First, the oil de- 
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posits may have been small and widely separated so that the present 
asphalt deposits represent all of the ancient oil beds. Second, the 
oil in escaping to the surface along the fault plains shortly after 
they were formed may have left the deposits of asphalt very near 
the surface of that time, and the deposits may have been largely 
removed by erosion since. Third, some of the oil deposits may not 
have been affected by the faulting and are still below the surface in 
some of the more gentle folds. Fourth, some of the faults may have 
intersected the oil-bearing strata, but may have sealed the deposits 
instead of allowing the oil to escape to the surface. As stated in the 
section on accumulation, some of the principal pools in the' California 
fields have this sort of structure. (See fig. 6.) 

When everything is considered, it seems as if this area must be 
considered as unfavorable territory for oil and gas, but there always 
remains the possibility that some of the more gentle folds or the 
territory along some of the fault lines may prove productive. The 
small amount of geologic work which has been done in the region and 
the fact that nothing has been published on the portion which has 
been worked make it impossible to point out any localities that are 
more favorable for prospecting than the others. 

Arbuckle mountain region — The general conditions In the Ar- 
buckie mountains are very similar to those in the Ouachita moun- 
tains, although the sections themselves are very different. The rocks 
are much folded and faulted. The presence of large asphalt deposits 
show-that at one time there were extensive deposits of oil, of which 
the lighter constituents have escaped. These oil deposits were con- 
tained m the Simpson formation and possibly in part in the Viola 
limestone. The question then arises as to whether or not all of the 
oil has escaped. The presence of some seeps of very heavy oil or 
viscous asphalt is an indication that the process of asphalt formation 
is not yet completed, and there may be so^e bodies of oil totally 
sealed in from the surface. 

The structure in the area of the mountains themselves is such 
that the presence of such bodies of any great size is extremely im- 
probable. The folds are sharp and are frequently broken by faults 
which very often bring the Simpson formation, which is the petro- . 
liferous horizon, to the surface so that if oil ever was present it has 
probably escaped. The area has been worked over pretty thoroughly, 
and no localities are known which seem at all favorable for pros- 
pecting. 

The conditions in a belt around the mountains may be somewhat 
more favorable since the older folded rocks were covered by the 
Pennsylvanian and Permian rocks on the east, north and west in a 
comparatively short time after the folding of the mountains and 
after a longer interval by the Cretaceous rocks on the south, and the 
folds were probably not so deeply eroded as those in the exposed 
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parts of the mountains are at present. There is also the possibility 
that the folding and faulting, may be less pronounced farther away 
from the core of the mountalDS. In either of these conditions the 
oil may remain in the older rocks, or if it works up out of them there 
is a strong probability of its being trapped in sandstones or other 
porous rock before it reaches the surface. These conditions are be- 
lieved to account for the accumulations in the Wheeler and Madill 
fields near the Arbuckle mountains. The conditions are discussed 
more fully in connection with the discussion of the relation of the 
geology to the prospects for oil and gas in the Red river limestone 
area and part of the Redbeds area. 

Wichita jnountain region — It has been noted in the description 
of the Wichita mountains that they have the same sort of structure 
and the same geological conditions in general as the Arbuckle moun- 
tains except that they were more deeply buried in the Redbeds than 
the Arbuckles. It follows that the discussion of the prospects for 
oil and gas in the Arbuckle mountains applies also to the Wichitas. 
If we restrict the area to the peaks of granite rocks and small areas 
of limestone to the north of the mountains, the chances may be said 
to be zero. The conditions around the mountains are the same as 
those around the Arbuckles, and are considered in connection with 
the discussion of the Redbeds and with the description of the de- 
velopment at Lawton and Gotebo. 

Red river limestone region — The general conditions in the Red 
river limestone area are shown in the accompanying diagram. The 
Cretaceous sandstones, shales and limestones lie nearly level above 
the older rocks of the Arbuckle and Ouachita mountains, which were 
folded and faulted and worn down before the Cretaceous rocks were 
deposited' over them. The Cretaceous rocks themselves are very 
fossiliferous, and the character of the rocks of the upper part of the 
section is such that oil and gas should be formed in them. However, 
these have been unproductive of oil up to the present. Some good 
structures have been mapped and drilled but only moderate flows 
of gas have been encountered. 

The Trinity sand, the lowest formation of the Cretaceous, con- 
tains practically no plant or animal remains, but on the other 
hand it does contain several deposits of asphalt which are supposed 
to be the residue of deposits of petroleum, the lighter ones of which 
have escaped. In addition to the asphalts, one pool of oil of com- 
mercial importance, that at Madill, has been found in this sand in 
Oklahoma. The origin of this oil and of the asphalt deposits is 
somewhat uncertain, but it is usually believed to have been formed 
not in the Trinity itself, but in the underlying older rocks. The 
Trinity is deposited over the upturned edges of the Pennsylvanian 
and oider rocks, which were folded at the time of the formation of 
the Arbuckle mountains. The Pennsylvanian rocks and the Simpson 
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sandstone of the older formations are known to be oil-bearing, as is 
shown by the asphalt deposits of the Arbuckle ' mountains and of 
the Ardmore re^on. If the oil in these older tilted rocks had not 
escaped before the Trinity was deposited it would gradually work 
its way up out of these rocks into the Trinity. If the Trinity was 
very thin at that locality the oil would probably move on to the sur- 
face where^the lighter constituents would escape and the heavier 
ones would be left in the form of asphalt. In this connection it may 
be said that the Trinity at the Madil] pool is about 400 feet thick, 
while farther north, where most of the asphalt deposits occur, the 
sand is probably considerably thinner. The basal portion of the 
Trinity is usually coarser than the higher parts, and thus would 
afford a place for the accumulation of the oil and gas. If one of 
these coarser places should be overlaid by very fine or clayey sand 
the conditions would be very similar to those of sandstone lenses 
occurring in shale or to local thickening of sandstones which have 
been mentioned in the discussion of the conditions of accumulation. 
(See fig. 9.) 

The presence of the pool at MaHill is not indicated by any iiur- 
face characteristics, and it is easily seen that accumulations of this 
kind would not be related to structure of the rocks at the surface or 
to any surface feature. There may be many such pools in the 
region, but the drill is the only method of prospecting for them. 
It seems reasonable to suppose that the chances for such accumula- 
tions would be greater back from the outcrop of the Trinity, pro- 
vided that the rocks underlying the Trinity were equally petrolifer- 
ous and that they were inclined in the same way that they are near 
the outcrop. 

Redbeds region — The red color of the Redbeds is, in itself, al- 
most conclusive proof that they do not contain any considerable 
quantity of oil or gas. It was noticed in the sections on origin 'and 
accumulation that oil and gas are almost certainly derived from 
organic matter and that they probably were formed in the rocks in 
which they now exist or at least have not moved through the rocks 
for great distances. The red color of the Redbeds is due to the pres- 
ence of iron in the oxidized form, probably in a form identical with 
ordinary iron rust. In the presence of organic matter, this red com- 
pound is changed chemically to dark-colored, usually black or green 
compounds. The prevailing red color of these rocks, then, is proof 
that there was not sufficient organic matter buried with them to 
effect this change. The quantity required to change the red iron 
compounds to dark colored compounds is very much less than would 
be required to give commercial deposits of oil or gas, so that it seems 
quite certain that there are no deposits of these substances which 
were formed in the red rocks themselves. 
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The Redbeds consist so largely of fine-grained clay-shale that 
it seems impossible for the oil and gas to have migrated for great 
distances through them, and any deposits which were formed in 
other rocks and which have moved into the Redbeds must be found 
very near the rocks from which they came. This reduces the por- 
tion of the Redbeds area which can be considered as at all promising 
for oil and gas to a strip along the eastern margin, where they are 
sufficiently thin for the underlying non^red rocks to be reached by 
the drill, and a similar area around the Arbuckle and Wichita moun- 
tains and between these mountains and Red river. The probabilities 
are greater in this region than along the eastern margin because in 
the southern area the older rocks below the Redbeds are steeply 
tilted and any oil or gas which was in these rocks has had an oppor* 
tunity to work up and out into the basal layers of the Redbeds. The 
conditions in the Wichita mountains are similar, except that the 
Redbeds come up higher on the older rocks, so that the exposures 
of the latter are much less than in the Arbuckles. The thickness of 
the Redbeds increases very rapidly to the north from both groups 
of mountains, but between the mountains and south to Red river 
and beyond, the depth to the older rocks is nowhere over a few hun- 
dred feet. In this region there is also the possibility of determining 
the structure, while in the main portion of the area to the north of 
the mountains there seems to be no evidence of structure, so far as 
has yet been determined. The production from the Permian area is 
either from the base of the Permian or from the underlying Penn- 
sylvanian. The Kay county, Billings, Garber, Healdton, Loco, Fox, 
Stephens county, Lawton, Walters and Gotebo iields are all located 
in the area of Permian rocks. 



Llano-Burnet region — The rocks of the Llano-Burnet uplift 
range in age from pre-Cambrian to Ordovician with a fringe of the 
Bend series of Pennsylvanian age around the northern and eastern 
side of the area. The pre-Cambrain rocks are granites and very 
strongly metamorphosed schists and gneisses which give no possi- 
bility whatever for oil or gas. The Cambrian rocks are sandstones 
and hard, dense limestones with thin shales which are not bitumin- 
ous. The Cambro-Ordovician consists of dense, white to gray, non- 
bituminous limestone which gives no indication of containing oil or 
gas. The Bend series contains notable deposits of oil and gas at 
some distance north of the mountains, but where it is present within 
the region of the uplift, it is so near the surface that there is little 
or no possibility of its containing oil or gas. There is, therefore, 
practically no possibility of oil or gas being found in the Llano- 
Bumet region. 
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Nortfi^eentrcU plains — The remarks made concerning: the Penn- 
sylvanian areas of Kansas and Oklahoma apply to the Pennsylvanian 
area which makes up the eastern part of the north-central plains of 
Texas. The rocks are shales and sandstones with some limestones, 
which dip to the west and northwest at about 60 to 70 feet to the 
mile. 

Up to the present the important oil and gas production has come 
from the Bend series at the base of the Pennsylvanian; the Strawn 
formation is productive in the Strawn and Moran fields and has 
given showings in several localities. The Canyon formation has not 
given any production nor has the Cisco, unless the lower sands in 
the Electra-Petrolia region belong to this formation. 

In the greater part of the area, then, we must look to the Bend 
series for production. This series is separated from the overlying 
beds by a pronounced unconformity and apparently suffered some 
deformation before the upper beds were deposited, so that the beds 
of the Bend are not parallel to the surface rocks. The exact rela- 
tionships of the production in the Bend to the structural conditions 
are not yet definitely decided, but the concensus of opinion may be 
summarized as follows: 

(1) The production in the Bend is along anticlinal folds in 
that formation. 

(2) The structural conditions in the Bend are not necessarily 
shown at the surface, although they are usually reflected there in a 
less pronounced degree, i. e., a terrace or very small fold in the sur> 
face rocks may represent a much more pronounced folding in the 
Bend. However, it is almost certain that not all the terraces, 
"noses," etc., found in the upper rocks are indications of closing 
structure in the Bend. 

(3) The possibility of favorable conditions in the Bend where 
the surficial indications of favorable structure are very small or 
wanting makes it unsafe to absolutely condemn any location, al- 
though it is fairly safe to consider a region of uniform normal dip 
in the surface rocks as improbable territory. 

(4) Some geologists have worked out, by means of well-logs, 
a pronounced arch or geo-anticline in the Bend which extends north- 
ward from the Llano-Burnet mountains through Brown and Eastland 
counties, and they regard the territory along the crest of this arch 
as more favorable than that on its flanks. It should be said that not 
all who have studied the question agree on the presence of this arch. 

(5) The lower beds of the Pennsylvanian rocks lying above 
the Bend thin out and disappear to the west, putting the Bend 
within reach of the drill much farther west than was thought to be 
the case before drilling was begun. 

(6) The production in the Bend is spotted, probably on ac- 
count of changes in the texture of the containing rocks within short 
distances. 
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The Permian rocks of Texas, like those of Kansas and Okla- 
homa, have not yielded any oil or gas (except possibly some of the 
shallow production at Electra-Petrolia) and their nature is such that 
it seems improbable that any will be found in them. This is the case 
in the Electra-Burkbumett-Petrolia district, where the surface rocks , 
are Permian Redbeds, but where most of the production comes from 
the Pennsylvanian rocks. 

In the Permian Redbeds area the structure is difficult to deter- 
mine on account of the lenticular nature of the beds and their soft- 
ness which makes good exposures rare. 

High plains — The High plains are covered by Tertiary rocks, 
except for comparatively small areas of Triassic beds. The Tertiary 
deposits are of sub-aerial origin and cannot be considered as a source 
-of oil or gas. They conceal any structures which may be present in 
the Permian rocks beneath. This makes prospecting a purely wild- 
cat proposition, with the only chances for production in the Penn- 
sylvanian rocks, which are deeply buried so that drilling is very ex- 
pensive. 

A gas well was brought in during the summer of 1918 north of 
Amarillo in the high plains region, but where the Tertiary rocks are 
removed, exposing the Permian in the valley of Canadian river. This 
production should, then, be considered as belonging to. the Penn- 
sylvanian-Permian area rather than to the High Plains. 

Cordilleran region — Some of the rocks in the Cordilleran region 
in southern trans-Pecos Texas are of a character which makes them 
favorable for oil and gas. There is a thickness of thousands of feet 
of Pennsylvanian and Permian rocks, which is made up of shales, 
sandstones and limestones, and some shows of oil and gas have been 
reported from them. In the northern trans-Pecos the section is al- 
most entirely limestone and is much less promising for oil or gas. 

The structure of the whole region is very complex; the rocks 
are steeply folded and faulting is common. The rocks have been 
slightly metamorphosed by the folding they have undergone and 
since the folding took place at a comparatively remote period, it is 
improbable that the rocks now contain any large quantities of oil 
or gas. 

The chances for oil or gas in the Cordilleran region seem to de- 
pend upon the finding of some areas where the folding is more 
moderate than in those so far studied and where the Pennsylvanian 
rocks are neither cut through by erosion nor too deeply buried be- 
neath younger beds.. While such areas may be found, the prospects 
do appear very bright at present. 

Toyah basin — The Toyah basin is filled with Pleistocene or 
recent material, which completely prevents the determination of the 
character or position of the underlying rocks. Under these condi- 
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tions it can be considered only as very unfavorable territory for 
exploration. 

Edwards plateau — The beds of the Comanchean system tie 
nearly level over the whole area of the Edwards plateau, and thei« 
is practically no chance of iindinR any quantity of oil or gas in these 
rocks. Wells which have been drilled in the area have reported 
ehowings of a heavy, black oil from the basal sands of the Coman- 
chean. 

Chances for production will depend on penetrating: the buried 
rocks beneath the Comanchean. The character of these rocks is not 
definitely known, but jud^ng from the evidence available, the rocks 
immediately beneath the Comanchean in the eastern part of the 
plateau are Pennsylvanian, probably corresponding to the Cisco and 
Canyon, and possibly the Strawn formations. The extent of the Bend 
series to the south of the Llano-Burnet mountains is unknown, but 
there is reason to believe that it does extend southward under the 
Eldwards plateau and that it is within reach of the drill, at least in 
the eastern part of the area. Farther west the Permiam almost cer- 
tainly comes in between the Pennsylvanian and the Comanchean, 
and the Bend, if present, is pipbably too deeply buried to be reached. 

As has been said, the Comanchean rocks are nearly flat over 
most of the area. In the greater part the dip does not exceed five 
feet to the mile to the southeast. As the Balcones fault zone along 
the southeastern margin of the plateau is approached, the dip in- 
creases until it reaches 70 to 80 feet to the mile. In this belt there 
is considerable folding and also some faulting, due to the Balcones 
faulting and also to the great intrusions of Tertiary basalt and 
pfaonolite in the Uvalde region. In this belt of steeper dips the 
higher Comanchean formations are present so that the depth to the 
Pennsylvanian, if it be present, is much greater than it is farther 
west. 

If favorable structures can be located in the lower Comanchean 
beds there still remains the question as to whether the structural 
conditions will coincide with those in the Pennsylvanian beds under- 
Death, which are separated from the Comanchean by a pronounced 
unconformity. Nothing definite can be said on this point, but the 
writer believes that an anticlinal structure in the Comanchean would 
be indicative of a similar structure in the Pennsylvanian, and that 
the major features of the structures in the surface and sub-surface 
beds will coincide although the details of the structures should not 
be expected to do so. 

As our knowledge of the area stands at present, the Edwards 
plateau is a region in which there is some chance of securing oil 
and gas, but the unconformity between the surface beds and the 
possibly productive beds and the absence of well defined structures in 
Uie surface beds makes it a territory which must be tested by pure 
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wild-catting, and the chances for a given wild-cat well to get pro- 
duction are necessarily small. 

If good structures can be found in the surface beds, the chances 
are greatly increased, and worth taking, but are rather doubtful 
at best. 

Black and Grand prairies — The portions of this area known aa 
the West cross timbers and the Grand prairie, i. e., the area of 
Comanchean rocks, gives little promise of producing oil or gas ex- 
cept from the Pennsylvanian rocks beneath the Comanchean. The 
Trinity sands are very near shore or sub-aerial deposits, and the 
higher formations are limestones and marly clays with very little 
or no bituminous material. 

There is, of course, the chance of encountering oil or gas in the 
lower Pennsylvanian rocks under the Comanchean, but as any struc- 
tures in the Pennsylvanian are effectually hidden by the Comanchean 
rocks, this resolves itself into rank wild-catting with small chances. 
The Comanchean rocks have a very gentle (about 20 to 30 feet per 
mile) and uniform dip toward the Gulf of Mexico. If reversals in 
this dip can be located, the locality is probably worth testing on the 
basis that this reversal is indicative of more pronounced and prob- 
ably ifavorable structure in the Pennsylvanian rocks. So far as the 
writer's knowledge goes, no unquestionable structures of this kind 
have been reported from the Comanchean area. 

The deposits of the Cretaceous, which underlie the Black prairie, 
are more bituminous and more promising for oil and gas than the 
Comanchean. Commercial deposits of oil and gas have been found in 
the Woodbine sand, the lowest formation, in the Caddo district in 
northwestern Louisiana and northeastern Texas and in the Nacatoch 
sand and other sand members of the upper part of the formation at 
Corsicana and in the Mexia-Groesbeck field. 

In the Taylor and Navarro formations we have a great thick- 
ness of sands and clays spread over a large area. The deposits were 
all built up in fairly shallow water, for the most part, marine. It 
seems reasonable to suppose that there must have been many places 
during this deposition where the conditions were favorable for the 
preservation of sufficient organic material to produce oil and gas and 
also to favor their accumulation and retention. Also it seems probable 
that these conditions were largely local, botli in time and space, and 
that the production will be found in isolated pools of rather small 
areal extent and that the productive sand will occur at different 
horizons. 

The production so far found is closely related to anticlinal 
folding. The surface beds have a general easterly and southeasterly 
dip toward the Gulf of Mexico. The soft and unconsolidated beds 
weather to a deep soil and outcrops are few and short, so that it is 
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practically impossible to detennine the details of the structure at 
most places in the Black prairie. 

Under these conditions any wild-cat well in the re^on must be 
regarded as having some chances to open a new pool, although the 
great majority of them will undoubtedly be failures. 

Gulf Coastal plain — The Tertiary sediments which underlie the 
Gulf Coastal plain are sands and clays deposited in shallow water, in 
large part non-marine. So far there has been no important pro- 
duction from these beds, and a study of their character makes it seem 
improbable that there will, be. It is ' impossible to determine the 
structure, owing to lack of outcrops, and this makes the chances 
still more remote. 



r>' Google 



HISTORY OF. THE OIL AND GAS INDUSTRY 
IN THE MID-CONTINENT FIELDS. 

The history of the oil and gas industry in the Mid-Continent 
fields begins many years b^k, if all reported occurrences of either 
substance are considered, but it is only since about 1900 that any 
important production has been made. In the following paragraphs 
the development in each of the states is considered separately. 

KANSAS* 
Attempts to secure oil and gas were made in Kansas as early 
as 1860, but the methods used were not fitted to drill to suiHcient 
depths, and it was not until 1882 that commercial quantities of either 
oil or gas were found. In that year gas with a small supply of dark, 
heavy oil was found at Paola, and gas alone in Wyandotte county. 
The field at Paola is still furnishing some gas, but the wells in 
Wyandotte county failed after about 15 years. Active development 
began about 1890 ; the Neodesha field was opened in 1893, and in the 
same year a good gas well opened up the field at lola. Drilling was 
commenced about the same time at Humboldt, Chanute, Cherryrale, 
Coffeyville and Independence; but it was not until about 1900 that 
the greatest development began in these localities. 

For several years the portion of the Mid-Continent field in Kan- 
sas was much more important than that in Indian Territory, but 
after about 1904 the principal development was on the south side 
of the line and the Territory surpassed Kansas in output. Kansas 
reached a m^imum output in 1907, when two and one-half millions 
of barrels were produced, and declined rather rapidly from that time 
to 1910. For many years gas was a more important product in 
Kansas than in Oklahoma, and except in 1904, 1916 and 1917, the 
value of the gas was greater than that of the oil, reaching a maxi- 
mum value of $8,293,846 in 1909, but declining to $3,340,025 in 1914 ; 
and then increasing to nearly ?5,000,000 in 1916. From 1910 until 
1914 there was a gradual increase in the production of oil, due to the 

*Tbe hlstoiT of the early development in Kansai is taken principally from VoL 
B of tbe University Geological Survey ot Kansas. For tbe years since 1000 tbe 
statistics publisbea by tbe United States Geological Survey and tbe oil Journals 
have been used estenslvely. 
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rise in price, and beginning in 1914, a very rapid increase due to the 
development of the Butler county fields. 

In 1904 the development of the aoutheaatern Kansas pools con- 
tinued rapidly. About 3,500 wells were drilled in Kansas and Indian 
Territory, of which by far the greater number were drilled in Kan- 
sas. The principal productive areas were in Allen, Neosho, Mont- 
gomery and Chautauqua counties. Early in the year there was pro- 
nounced activity in the Bolton and Wayside pools, near Indepen- 
dence, in Montgomery county. The oil development begun at Coffey- 
ville in 1903, was actively continued and new production was found 
at Tyro, east of Caney, in the same county. Chautauqua county was 
also very active, the Spurlock-Blundell, Hoffman and Peru pools all 
being developed. New pools were developed near Erie, Neosho county 
(drilling began in 1903), and near Paola in Miami county. In the 
latter locality, paying production was found at a depth of about 350 
feet. Late in the year the removal of leasing restrictions from the 
Cherokee lands in Indian Territory, transferred the interest to the 
south of the state line, and there was a pronounced falling of new 
drilling in Kansas. The production for the year in Kansas was 
4,250,779 barrels, about three times that of Indian Territory and Ok- 
lahoma. This production greatly exceeded the capacity of the refin- 
eries, and the price for crude was subjected to successive reductions. 
The extreme variation of prices for the year was from 31 cents for 
the heavy oils (22 degrees-28 degrees B) to J1.38 for the lighter oils 
(32 degrees B). . 

In 1905, the low price of oil and the larger wells found in In- 
dian Territory caused a marked reduction in activity in Kansas. 
The only developments of note were the continuation of the shallow 
sand development at Paola in Miami county and new shallow produc- 
tion at Rantoul in Franklin county, southwest of Paolji. The sands 
at Rantoul vary in depth from 350 to 600 feet in depth. Chautauqua 
county was also active. The over-production continued throughout 
the year. The production from Kansas and Indian Territory was 
about 12,000,000 barrels, of which about one-third was produced by 
Kansas. 

In 1906, there was very little new development in the oil in- 
dustry in Kansas. There was some development near Paola, Osa- 
watomie and Rantoul, and some in the Hoffman pool in Chautauqua 
county. Scattered wells were brought in over the entire area. The 
completion of gas pipe lines to Kansas City (Kansas) , Topeka, Law- 
rence and Leavenworth and to the towns in the Joplin district in 
1905, and to Atchison,_ Kansas City and St. Joseph, Missouri, early 
in 1906, stimulated the search for gas, and development was active 
in all the gas fields. The principal activity was near Independence, 
in Montgomery county. 
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In 1907 there was practically no new development in the oil 
industry, in Kansas. The search for gas continued, and several 
valuable pools were opened. The principal ones were near Chanute, 
Fredonia and Hale. Some gas was found farther west at Elmdale, 
Augusta and Arkansas City. Gas found near Dexter consisted al- 
most entirely of nitrogen. 

The oil production for the year was 2,409,521 barrels, valued at 
$965,134. The gas production was over 80,000,000,000 cubic feet, 
with a value of f6,198,683. 

Drilling was very quiet in 1908, and more old oil wells were 
abandoned than there were new ones drilled. No new oil pools were 
developed. The old gas fields were extended, but no new pools were 
found. The older pools in Allen, Neosho and Wilson counties began 
to decline perceptibly in pressure and production. The oil produc- 
tion amounted to 1,801,781 barrels, valued at $746,696, and the gas 
production to 80,740,000,000 cubic feet, valued at $7,691,587. 

There was very little of note during 1909. The production of 
both oil and gas declined, and the price of oil remained very low. 
There were no important developments in the way of new oil or gas 
pools. The annulment, early in the year, of the law prohibiting the 
piping of gas from Oklahoma rendered the immense supplies of that 
state available to the Kansas companies, and there was less incentive 
for drilling in the older territory in Kansas. The quantity of oil 
produced was 1,263,764 barrels, with a value of $491,633, and the 
quantity of gas was 75,074,416,000 cubic feet, with a value of 
$8,293,846. 

Conditions remained about the same during 1910, 1911, 1912, 
1913 and 1914. During these years there was a further decline of 
oil production, in 1910, but beginning in 1911 there was a gradual 
increase in production with each year. This was due to the 
increasing price paid for crude, and resulted from more in- 
tensive drilling of the old pools and the discovery of small pools in 
what was already proven territory. No pools of any pronounced 
importance were discovered until the first well in the Augusta pool 
was brought in in June, 1914. This was the beginning of the de- 
velopment of the Butler county fields, which have completely over- 
shadowed the other fields for the pasl few years. 

From 1910 to 1914 the average initial production remained low, 
ranging from 10.8 barrels in 1914 to 22.3 barrels in 1910. Through- 
out the period Montgomery and Chautauqua counties led in produc- 
tion and in amount of development. At the end of 1914 Kansas had 
a total of 3,412 active oil wells. 

The following tables give the production and value of petroleum 
for Kansas for the years 1909 to 1914 inclusive: 
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Xear 


Production In Iwrrela 


Value 


1909 


1,263,7«4 


» 491.633 


1910 - 


1.128.668 


4+1.763 


1911 


1,278319 


608,766 


1912 


1,692,796 


1.095,668 


1918 


2„t75.(K» 


2.24S.2i!S 


1914 


3,103,585 


2,433.074 



The prices for this period showed a continued rise, except during 
1914, when the immense over-production of the Gushing field in 
Oklahoma caused a reduction in the price of crude. 

The range in prices and the average price are shown in the 
following table; 



leap 


Low 


High 


Average 


1910 


$ .35 


t .42 


».88M> 


1911 


.42 


50 


.451,4 


1912 


.60 


.83 


.69 


1913 


.83 


1.03 


J05 


1914 


.56 


1.W 


.78 



The history of the natural gas industry during the years under 
consideration was uneventful and in general was one of decrease of 
pressure and amount of gas produced. The supply became too small 
to supply the demand and great quantities of gas were supplied to 
Kansas towns from Oklahoma. The discovery of the Butler county 
and Cowley county fields in 1913 was the most important event. 

The production and value of the natural gas in Kansas from 
1910 to 1914 is given in the following table. 



Tear 


ProdnctioD in cnbic feet 


Value 


1910 


59,380,157,000 


$7,755367 


1911 


38,790.406.000 


4,864334 


1912 


28,068370,000 


4.2W,706 


IMS 


22.884.547.000 


3.288,3M 


1914 


22,627307,000 


3,340,025 



In 1916 there was a slight reduction in the amount of petroleum 
produced, due to the low prices which were caused by the immense 
over-production in Oklahoma. Development continued active in the 
older pools, and the Augusta pool was developed to a slight extent, 
having 12 wells at the end of the year. The wells in this pool were 
the largest discovered in Kansas up to this time, one having an 
initial production of 1,500 barrels. Development at Eldorado, to the 
north of the Augusta field, began with the bringing in of a 100- 
barrel well in a shallow sand (about 600 feet). This pay was 
mudded off and the well drilled to a deeper pay at 2,460 feet. By 
the end of the year nine welts had been completed in the Eldorado 
field, all of which, except the first well drilled, were producing from 
the shallow sands. 



■Above 30 degrees B. 
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There was renewed activity in the shallow pools near Faola and 
Rantoul in Miami county. 

The marketed production for the year amounted to 2,823,487 
barrels, with a value of ?1,702,891. The price per barrel was 55 
cents at the besinnin^; of the year; by March it fell to 40 cents, 
■where it remained until in August. During the last part of the 
year the price rose' rapidly until it reached $1.12 per barrel in De- 
cember. The average price for the year was 60 cents per barrel. 

Due principally to the development of the Augusta field, there 
was a notable increase in the quantity of natural gas produced in 
1915. The field at Augusta was discovered in 1913, and until 1915 
was developed almost exclusively for gas. The gas sand is encoun- 
tered at a depth of about 1,500 feet. The wells had an average 
initial capacity of 2,000,000 to 40.000,000 feet per day, with a rock 
pressure of 650 pounds. 

Other development which tended to increase the production for 
the year were in Montgomery, Labette, Chautauqua, Woodson, Ne- 
osho and Greenwood counties. The amount of gas produced was 
estimated at 27,046,908,000 cubic feet, valued at $4,037,011. 

During 1916, the Augusta and Eldorado fields were developed 
very rapidly, and the production of the state rose to 8,738,077 bar- 
rels, about three times that of the preceding year. The average 
price was $1.18 per barrel, more than twice that of 1915, so that 
the value of oil produced was $10,339,958, about six times that of 
1915. 

Although the interest and development centered in the Butler 
county fields, the older areas were actively developed and gave in- 
creased production. Several wild-cat wells in Greenwood, Sumner 
and Cowley counties gave showings of oil and attracted considerable ' 
interest, but none of these has so far led to the development of im- 
portant pools. Late in the year the first well in the Towanda district, 
a western extension of the Eldorado field, was brought in, and drill- 
ing was very active the remainder of the year. 

The production of natural gas amounted to 31,710,438,000 cubic 
feet, an increase of 17 per cent over that of 1915. The value of the 
gas produced was $4,855,389. The increase in production was due 
entirely to the activity in the Butler county fields. 

During 1917 the development of the Towanda district was the 
principal item of interest. Many wells were drilled in this district, 
and they were of very large production, some of them producing 
from 12,000 to 20,000 barrels per day, the largest wells yet drilled in 
the Kansas or Oklahoma fields. Development was active in all the 
producing areas, but there was little of special interest outside the 
Butter county fields. The production amounted to practically 38,- 
000,000 barrels, which was far in excess of any previous year. 
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The rapid development of the Butler county fields continued 
through 1918, and these poob furnished about 85 per cent of the 
production. The Towanda pool had some large producers, but by 
the end of the year the production of the older wells had declinetl 
greatly and the initial production of the newer wells was not suffi- 
cient to offset the decline. Late in the year production was found 
to the northwest of the Eldorado pool near Elbing, but the develop- 
ments of 1919 indicate that the pool is a small one. This general 
area, however, had been expanded by the bringing in of a well 
farther to the north in Marion county. The total production for 
1918 was in excess of 43,000,000 barrels. 

OKLAHOMA. 

The discovery of oil and gas in Kansas about 1882 excited the 
interest of the Five Civilized Tribes in Indian Territory, and in 1884 
the Choctaw council passed an act forming the Choctaw Oil & Re- 
fining company. The Cherokeea followed the example of the Choc- 
taws almost immediately and passed a similar act. Both companies 
secured the co-operation of the Dr. H. W". Faucett of New York. A 
well was started in the Choctaw nation on Clear Boggy creek about 
fourteen miles west of Atoka, and one in the Cherokee nation, on 
Illinois river about twenty miles north of Tahlequah. The Cherokee 
council of 1885 repealed the charter of 1884 and operations on the 
well north of Tahlequah were stopped. The charter was reinstated 
in 1885, but financial support could not be obtained, and the prop- 
osition was not carried further. Drilling continued at the Choctaw 
well until Doctor Faucett's death in 1888, when it had reached a ■ 
depth of 1,414 feet without encountering more than showings of 
oil and gas. 

There was little further activity in Indian Territory until 1894, 
when the Cudahy Oil company secured a blanket lease on the Creek 
nation and had two wells drilled at Muskogee. Both showed good 
prospects, but there was no development until 1904, when title to 
the lands could be obtained. 

The Cudahy Oil company also secured leases on about 200,000 
acres in the vicinity of Bartlesville, and operations were started 
there. In 1896 the passage of the Curtis bill forced them to sur- 
render all "unproved" lands, leaving them only the section on which 
Bartlesville now stands. Some development had been made at 
Chelsea prior to 1893, and the Cherokee Oil & Gas company had a 
large acreage leased. The Curtis bill caused the surrender of these 
leases and little was done in the Cherokee nation until 1904, when it 
became possible to get allottee's leases approved by the Department 
of the Interior. 

Prior to 1904 testa had been made in the Osage nation as early 
as 1896. At this time all the lands of the nation were leased to 
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Edwin B. Foster, who secured a 5-barrel well at a depth of 1,100 
feet, three miles south of Chautauqua Springs, Kan. A well was 
drilled td a depth of 2,675 feet at Eufaula in the Choctaw nation, 
with sfood showinsrs of oil and gas at three horizons. A well at Red 
Pork opened the Red Fork-Tulsa district in 1901. 

The principal development in Oklahoma fields began in 1904, 
and in the following paragraphs brief accounts of the development 
in each year from that time to the present is given. The total pro- 
duction and value of the output is given in tills connection, but the 
detailed statistics are reserved for another section. 

During the first six months of 1904, practically all the activity 
in the Indian Territory was confined to the Osage nation. The In- 
dian Territory Oil & Illuminating company had a blanket lease on 
all Osage lands, and sublet the lands to the ty:tual operators. The 
first well in the Cleveland pool in Pawnee county, Oklahoma Terri- 
tory, was in September, and a great rush, both to the Oklahoma lands 
and to the Osage lands across the river, resulted. Some development 
was also carried on throughout the year in the vicinities of Musko- 
gee, Chelsea, Red Fork and Bartlesville. The townsite pool at Musko- 
gee was developed during this year. Later in the year the secretary 
of the interior began to confirm leases in the Cherokee nation. Drill- 
ing was immediately prosecuted with great activity, most of it being 
centered in the vicinity of Bartlesville, Chelsea and Alluwe, Lenapah 
and Dewey. At the close of November, Chelsea had about 96 pro- 
ducing wells ; Red Fork, 50 ; Cleveland, 10 ; Muskogee, 36 or more ; 
Bartlesville nearly 100, and other points in the Osage territory, 75 or 
80 more. The Prairie Oil & Gas company was the principal pur- 
chaser of the product. The prices paid during the year varied from 
31 cents for the heavy oils to 72 cents for the lighter oils. The pro- 
duction of Oklahoma and Indian Territories was 1,366,748 barrels, 
valued at approximately $1,325,750. 

In 1905 there was no phenomenal new development, but the 
shallow field was extended north to Goody's Bluff, making a proven 
length of from 16 to 18 miles; the Bartlesville-Dewey pool was 
actively developed, especially along the Cherokee-Osage line south 
from Pawhuska, to the northwest and west from Bartlesville, and 
to the northwest of Dewey, where a new pool was developed; the 
Cleveland field was actively developed and some wells were had in 
the vicinity of Pawhuska in the western part "^ of the Osage nation. 
The field near Wheeler, in the southern part of the state, was dis- 
covered in 1905. Prices for oil were very low in 1905, the price paid 
for the lighter grades of oil being 50 to 53 cents. 

In 1906 active development continued in the regions already 
opened, especially in the shallow Goody's Bluff field and in the Bar- 
tlesville area. The remarkable feature of the year was the opening 
of the Glenn pool, a few miles southeast of Red Fork, in the early 



r>' Google 



146 Oil atid Gas in the Mid-Continent Fields. 

part of the year. The first well was completed in December, 1905. 
By the end of 1906 a number of wells with an initial capacity of 
over 1,000 barrels had been drilled in and the limits of the pool had 
not been located. The total number of wells in the pool by the end 
of the year was about 110. Another remarkable pool was opened 
on section 27, east and a little south of Dewey and four miles east of 
Bartlesville. This area is only one mile across, but was developed 
-very rapidly, and some wells of over 1,000 barrels capacity were 
brought in. The limits of the pool were soon defined, however, and 
the wells had settled down to about 300 barrels capacity by the end 
of the year. By the beginning of 1907 the field along the 96th 
meridian was pretty well outlined as extending from the Kansas line 
south almost to Tulsa, with a width of up to five miles or more. 
Several 1,000 barrel wella were brought in during 1906, most of them 
on the Osage side of the line, but some on the Cherokee or eastern 
side. These wells held up better than most of those in other parts 
of the field. The Morris pool in southeastern Okmulgee county was 
opened by a well southeast of town in the summer of 1906. As at 
previous times, the Prairie Oil & Gas company was the only impor- 
tant purchaser of the Oklahoma oils. The prices were very low. 
The average for the year was 47 cents for light oil and 31% cents 
for heavy oil. Late in the year arrangements were made by two of 
the large interests of the gulf coast, the Texas company and the Gulf 
Pipe Line company, to build pipe lines into the Oklahoma field, and 
both lines were completed during the following year. As in 1905, 
the published statistics combine the production of Kansas and Okla- 
homa. The production of both states was about 16,500,000 barrels, 
and the value $7,250,000. The total production in Oklahoma and In- 
dian Territories for the year was in the neighborhood of 7,000,000 
barrels, and the value about $3,800,000. Neither the value nor the 
production can be stated accurately since the statistics for Kansas 
and Oklahoma were not kept separately. 

In ld07 the Glenn pool continued its remarkable record of the 
previous year. At the beginning of 1907 this pool was showing a. 
monthly production of 385,939 barrels. This increased rapidly until 
in the month of October it reached its maximum of 2,441,662 barrels. 
The production of the pool then began to decline, and by the end of 
the year had declined to the rate of six months before. Considerable 
development was also made in the Morris pool. Several good wells 
were brought in, but the field proved to be rather spotted. In the 
Cherokee district the development in the shallow field continued, and . 
the production was maintained in spite of the fact that few new 
wells were brought in during the latter part of the year. The Dewey- 
Copan field was extended west by some wells of very large produc- 
tion. This extension was in the Osage lands. A good field was de- 
veloped along Hogshooter creek, about 15 miles southeast of Bartles^ 
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Tille. The larger oil wells had a capacity of about 500 barrels per 
day, and the gas wells from five to fifteen million cubic feet per day. 
Ilie Hogshooter field has since become more important on account 
of its gas than on account of its oil production. The prices for oil 
continued very low. There was very little variation through the 
year, the price for light oil ranging from 39 to 41 cents, and for the 
heavy oils from 26 to 28 cents. The production for the ypar was 
44,300,149 barrels, with a value of $17,824,342. 

Development work in 1908 was steady and the production of 
Oklahoma showed some increase over that of 1907, although there 
were no remarkable new finds. The decrease in production of the 
Glenn pool was checked by the drilling of new wells, the cleaning 
out and shooting of old wells and the finding at widely separated 
points of a deeper productive sand. A new pool of exceptionally 
high grade oil was found at Muskogee. Very late in the year a 
1,400-barrel well was completed in the Morris pool, which led to con- 
aiderable new drilling. ProbaJ)ly the principal development of the 
year was in the northern end of the shallow field (the Delaware- 
Childers pool) , Production in the vicinity of Dewey and in the Osage 
generally declined. The price for light oil was uniformly 41 cents 
throughout the year, and for heavy oil remained very nearly 32 
cents. The production was 45,798,766 barrels, valued at $17,694,843. 

In 1909 a strong effort was made by the Producers' association 
to curtail the production on account of the extremely low prices 
prevailing, and there was only a slight increase over that of the 
previous year. The Glenn pool and the Osage showed a slight de- 
cline. The only new pool of importance was the Preston pool, five 
miles north of Okmulgee. A new pipe line, that of the Oklahoma 
Pipe Line company, to Baton Rouge, La., was assured. The price 
for light oil was 41 cents per barrel for the first half of the year 
and 35 cents the latter half. Heavy oil stood uniformly at 28 cents. 
The production was 47,859,218 barrels and valued at $17,428,990. 

In 1910 there was a considerable increase in production' over 
that of 1909. All the older fields were developed intensively and 
there was no marked decline in any of them. The principal new 
development was in Okmulgee county in the vicini^ of Henryetta, 
and in Osage county at Osage Junction, across the Arkansas from 
the Cleveland pool. Gas was discovered at Poteau in the extreme 
eastern part of the state and south of the developed territory. The 
prices paid for oil ranged from 36 to 42 cents per barrel for light 
oil and from 28 to 42 cents for heavy oil. During the las: part of 
the year the price for all grades of oil was made uniform and this 
practice has since been continued. The new pipe line to Baton 
Soage was completed, which assisted in bettering trade conditions. 
The production .was 52,028,718 barrels, valued at $19,922,660. 
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Development in 1911 was considerably retarded by the pro- 
longed drouth which hindered both drilling and manufacturing 
enterprises, but in spite of this there was an increase in the produc- 
ton over that of 1910. The principal factors of this increase in the 
production were the continued development of the pools near Osage 
Junction and in the Pawnee county pool and the increase in the Hog- 
shooter field. The price of oil advanced from 44 to 50 cents per bar- 
rel and the rising prices had no small share in stimulating activity, 
so that the production was increased to 56,069,637 barrels, valued at 
$26,451,767. 

For 1912 the most important feature of the industry was the 
increase in the price of oil, since this was mainly responsible for the 
increased activity throughout the field. During the year the price for 
oil increased from 50 to 83 cents per barrel. The operators re- 
sponded actively to the increased prices for the product and drilling 
was prosecuted more rapidly than in any previous year. The old 
pools were extended and tilled in and a great amount of wildcatting 
was done, much of which was successful in developing new territory. 
The most striking featifre of the new development was the discovery 
of the Gushing pool in western Creek County, The first well was 
brought in during March and by the end of the year over 7S com- 
pletions had been made with very few failures and over 100 rigs 
were centered in the field. The initial production of the wells was 
very high and the quality of the oil good. Other important develop- 
ments were : the discovery of deeper sands in the Cleveland field, 
which had beeij producing from shallower sands for eight years, the 
eastward extension of the Glenn pool with wells of 300 to 500 barrels 
initial capacity, the opening of the Adair pool west of Nowata, the 
continued development of the Ponca City field in Kay County to the 
west of the main field, and the pronounced activity in Okmulgee 
County, carrying the field to the southeast. More good gassers were 
brought in in the Poteau field which had been opened during the 
previous year, and a new gas field opened in Coal County. The 
Wheeler field showed renewed activity, as did the field at Gotebo. A 
good gas well was brought in near Duncan in Stephens County, and 
there was some development at Loco, in the southeastern part of the 
same county. Some heavy oil was obtained in both localities. The 
State showed a decrease in production of about 4,000,000 barrels 
from that of 1911, the total production being 51,852,457 barrels. 
The average price was 67.4 cents, giving a total value of $34,957,612, 
an increase of $8,505,845 over 1911, in spite of the decease in 
production. 

During 1913 the production of petroleum increased rapidly at 
an increasing rate, liie increase was due principally to the more 
intensive development of the older pools. The most interesting 
feature was the development of the Cushing pool, which had been 
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discovered early in March, in 1912. The well? in the Layton and 
Wheeler sands were good producers, but declined rapidly so that the 
production varied greatly during the year. Beginning with a daily 
production of 11,000 barrels, the pool rose rapidly to 28,000 barrels 
per day by the end of February, and then declined to 16,000 barrels 
per day by June 10 ; increased to 30,000 barrels per day by Septem- 
ber 1, and fluctuated between that figure and 23,000 barrels per day 
for the remainder of the year. In December the first gusher well 
in the Bartlesville sand was brought in, and the year ended in an 
excitement greater than that of the first discovery of the field. The 
first wells in the Healdton field, in western Carter County, were 
drilled in 1913 and produced great excitement. Record-breaking 
prices were paid for lease holdings. Drilling in the field was slow 
and the production was not important until 1914. Other develop- 
ments of importance were the extensions of the Hogshooter and of 
the shallow fields, the further development of the W'cky pool near 
Mounds, the opening of the BooCh sand pool in Okmulgee county and 
the bringing in of several good wells in the vicinity of Tulsa. The 
Inota and Owasso pools were opened. The price of crude advanced 
from 83 cents per barrel on January 1 to 88 cents on January 29, to 
93 cents on July 7, to 98 cents on July 21, and to $1.03 on August 19. 
The production was 63,579,384 barrels, valued at $59,581,948. 

In 1914 production increased rapidly, although field work slack- 
ened, during the latter part of the year, on account of the lessened 
price for crude, due to the over-production of the Gushing and Heald- 
ton fields and the disorganization of markets due to the European 
war. The Gushing' fields remained the center of interest throughout 
the year. Beginning with a production of about 25,000 barrels per 
day from the Layton and Wheeler sands, the production rose to more 
than 150,000 barrels per day by the end of June, and to more than 
225,000 barrels by the end of the year. The phenomenal increase 
was due to the development of the Bartlesville sand. Development 
in the Healdton field was also very rapid and the production was 
near a million barrels for the year. The great flood of crude oil 
from Gushing and Healdton proved more than the market could 
carry, and vast quantities were placed in storage by the producers. 
The price declined from $1.05 per barrel early in the year to 75 cents 
per barrel by April 30, to 65 cents per barrel on September 12 and 
to 55 cents on September 22, where it remained for the rest of the 
year. The Healdton oil did not prove as good a refining oil as had 
been expected, and declined in price more rapidly than that of the 
main field. It reached a market price of 50 cents during April, and 
remained stationary to the end of the year. Besides the Gushing and 
Healdton developments there was little of great importance during 
the year. The Owasso and Inola pools proved to be small in area. 
The Newkirk field proved to be fairly productive, and a well between 
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Ponca City and Blackwell produced some excitement, but no pool was 
developed. The Booch sand pool in Okmulgee County was the lead- 
ing; development for the year outside of Cushing and Healdton. Six 
new refineries were built in the State and several small pipe lines 
from the Cushing and Healdton fields. 

The over-production of 1914 continued into 1915, but the decline 
of the Cushing pool combined with the increasing consumption of 
gasoline reversed the situation and vast quantities of crude were 
taken from storage before the end of the year. The Cuahing produc- 
tion reached 300,000 barrels per day in February and again in April. 
From then on the production declined steadily until the daily average 
for December was only slightly more than 100,000 barrels. Heald- 
ton continued active development throughout the year, although 
almost half of the production had to go into storage. There was 
little development in the way of new pools. The Fox or Shamrock 
pool, immediately south of the Cushing field, gave considerable pro- 
duction from the Layton and Bartlesville sands. The Boynton pool, 
in southwestern Muskogee county, reached a daily production of 8,000 
barrels, but declined to about 5,000 barrels by the end of the year. 
This territory proved to be very "spotted." The Stone Bluff pool, in 
southwestern Wagoner county, was opened in October, and by the 
end of the year was producing 5,000 barrels daily. A small pool at 
Vera, in Washington county, had several small producers with a 
total daily production of several hundred barrels. Deep production 
was found at Blackwell, but drilling is very dif!icult and there were 
very few completions by the end of the year, although some 20 wells 
were drilling to the deep sand. Wildcatting was active during the 
year. Some small gas and oil producers were brought in in Pontotoc 
county. Several wells were drilled in east-central Oklahoma, in Mc- 
intosh, Haskell, Coal, Hughes and Latimer counties. Some gas was 
found, but so far this section seems to be entirely without oil. The 
price of crude from the main field started at 55 cents per barrel, 
dropped to 45 cents on February 8 and to 40 cents on February 15, 
where it remained until August 2, when it rose to 50 cents, and then 
advanced to 60 cents on August 11, to 65 cents on August 19, to 75 
cents on August 21, and to 80 cents on September 11, to 90 cents on 
November 13, to $1.00 on November 15, to $1.10 on December 13, 
and to $1.20 on December 14. The total production for the year is 
given as 115,919,541 barrels for the main field and 6,909,293 barrels 
for the Healdton field, making a total of 122,828,834 barrels.* 

During 1916 Blackwell continued active ; by March five wells had 
been completed, with a daily production of 2,000 barrels, 40 wells 
were drilling, and 75 rigs up or under construction. By the end of 
the year the production was estimated at 4,000 barrels per day. 
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Near the end of the. year the Garber-Covington pool was opened by a 
well drilled in Sec. 25, T. 22 N., R. 4 W., and several wells were 
started. The development at Billings began about the same time. 
The Tucker sand development in the Gushing field gave some very 
large wells, but the productive area in this sand proved to be small. 
The Southern or Shamrock extension of this field produced many 
large wells, but the field aa a whole declined considerably. Other 
new development which attracted considerable attention was the 
opening of the Yale pool north of Gushing. The discovery of gas 
in a well at Maud, in Pottawatomie county, and at Perkins, Otoe and 
Ingalls, to the northwest of the Gushing field, and at Gement, in 
Caddo County. In the older parts of the field small pools were 
developed or the development continued at Bixby, Stone Bluff, 
Leonard, Biggs and Boynton. The principal new development in 
Osage County was near Hominy. 

The prices per barrel paid for crude during the year were as 
follows ; 

Jan. 1st 11.3<) Axis. Ut :-?1.2"> Det: l:;th ?l.lil 

Muri'h ith 1.411 Auk. iHi 1.15 Doc. ISth 1.20 

-March lltli l.« Avii. 12th l.aT Dw. 23rd 1.3(1 

Manh 14th IJV. Aiir. IPlb M Dec. 28th 1.40 

.Inly 24th 1.45 ' Aiir. 2eth .90 

.iHly 2ntli 1.35 Nov. 28th 1.0(1 

•The production for 1916 was 106,190,240 barrels. 
There were practically no new developments in Oklahoma dur- 
ing 1917. On account of the high price of crude, all the older pools 
were quite active, and occasionally wells of considerable size were 
brought in. Garber and Billings were developed actively and the 
presence of considerable pools ' of high-grade oil was fully demon- 
strated. The Yale and Quay pools furnished many wells, which, 
while not phenomenal producers, held up well. Gas in large quanti- 
ties was discovered at Morrison, in eastern Noble County, and also at 
Walter, in Cotton County. Sufficient drilling was done m the latter 
locality to prove a considerable gas field and two oil wells were 
brought in. The Bixby, Leonard, Wicey, Stone Bluff and Boynton 
pools were pretty well defined by the end of 1916 and contributed 
little of interest during 1917, although good wells were brought in 
occasionally. On the whole, the year was marked by intensive de- 
velopment of the older pools, with Garber and Billings furnishing 
most of the interest in new territory. 

The price changes for the year were as follows : 

Janiwry 3rd .._ «1.50 

JaiiuHrj 6th 1,60 

January 12th . 1.70 

AugiKot 15th 1.90 

August 18th 2.00 

*011 and Cias Journal. 
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*The production for the year was 97,674,356 barrels, a decrease 
of about 8,500,000 from that of 1916. 

During 1918 development was very active in Oklahoma, but the 
results were not particularly encouraging. The older pools con- 
tinued to decline in production and no new pools qf importance were 
discovered. So, while the number of wells drilled vi&s greater than 
in any previous year, the production was nearly 13,000,000 barrels 
less than in 1917, amounting to about 85,000,000 barrels. Wild- 
catting was most active in southern Oklahoma, particularly in 
Stephens and Cotton counties, and some encouraging showings were 
made, but it is not possible at this time to make any accurate fore- 
cast of the final results. 

TEXAS. 

In the following summary of the history of the development of 
the oil and gas industry of Texas, only those which are part of the 
Mid-continent field are noted. These fields are grouped as the 
"Stratum Division" of the Texas pools by the United States Geologi- 
cal survey. The salt dome fields of the Gulf Coast are not included 
in the discussion. 

The first commercial discovery of oil in the portion of Texas 
here considered was at "Corsicana, Navarro County, in 1895, and 
until 1900 this pool was the only producer in northern Texas. It was 
developed rapidly and by the end of 1899 there had been drilled 642 
wells of which 511 were oil wells, 13 gas wells and 118 dry holes. 
The maximum output was in 1900, when 829,000 barrels were 
produced. 

In 1900 the Powell district, about five miles east of Corsicana, 
was opened and produced about 6,000 barrels in 1906, since which 
time it has declined to 215,729 barrels. 

In 1910 oil was found at Petrolla, Clay County, in shallow wells 
drilled for water. The first shipments were made in 1904. The first 
deep drilling which opened the gas sands was in 1907. 

Oil had been known in shallow wells at Electra, Wichita County, 
for several years, but the first successful deep well was drilled in 
1910. This well ran wild for some time and when finally controlled 
produced 300 barrels per day. 

The Burkburnett pool, in Wichita County, was opened in 1912. 
The three fields just named are known collectively as the Electra- 
Petrolia district, have been the most important producers in the 
Texas portion of the Mid-continent field, and the history of their 
production will be noted more fully in a succeeding section. 

■Oil and Gas Jourual. 

••Matron, G. C, and Hopkins, O. B„ The Corelcana oil and gaa field, Texas; Bui!, 
V. S. Geol. Survey. No. 661, p. 213. 
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A westward extension of the Caddo field of Louisiana was de- 
veloped in 1910. The Moran pool was opened in 1913, the Strawn 
and Thrall pools in 1914, the Ranger and Srownwood shallow pool in 
1917. 

For 1918 the principal features were the rapid development of 
the Ranger pool, the discovery of small production in Coleman 
County, the bringing in of the Duke pool in Comanche County, and 
the new Burkburnet pool in Wichita County. Thesf> and other de- 
velopments of the year are noted in detail under the descriptions of 
the fields. 

The statistics for production for Texas are given in the tables 
at the end of this section. 

Louisiana. 

The pools in Louisiana which are included in the Mid-continent 
field are situated in the northwestern part of the State. The two 
principal pools are known as the Caddo and the DeSoto-Red River. 

The Caddo pool was discovered in 1904 and the development has 
continued to the present. There have been many fluctuations in the 
activity due to the varying prices for oil ami the bringing in of new 
areas of production from time to time. The district ia notable for 
its variation in daily production, which is on account of the very 
larxe initial production of the wells and their rapid decline. 

The DeSoto Parish development began in 1912, and that in Red 
River Parish in 1914. The Crichton pool, the most important in 
this district, was opened in 1915. 

Outside the main areas there Jias been considerable gas de- 
veloped at Monroe, and, early in 1919, an oil well was brought in 
near Homer, in Claiboume Parish, to the east of the main fields. 
There has also been great activity in the Bull Bayou district. 
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DESCRIPTION OF THE OIL ANjD GAS FIELDS. 
OIL AND GAS FIELDS OP KANSAS. 

The oil and gas development of Kansas is confined to a relatively 
amall area in the southeastern portion of the State. The counties 
which may be considered as lying in the oil and gas fields are, be- 
ginning at the northeast, Franklin, Miami, Linn, Bourbon, Allen, 
Woodson, Neosho, Wilson, Greenwood, Butler, Elk, Labette, Mont- 
gomery, Chautauqua, Cowley and Sumner. 

The principal production is divided into an eastern and a 
western district. The eastern district lies principally in Allen, 
Woodson, Wilson, Neosho, Labette, Montgomery and Chautauqua 
counties, and the western district in western Butler and Cowley. 
The two districts are separated by a comparatively barren belt, in- 
cluding Greenwood, most of Elk, and the eastern parts of Butler 
and Cowley counties. The development in Franldin and Miami 
counties is separated from the main eastern district by an almost 
barren belt, including Anderson and Linn counties. 

The main eastern district is continuous with the Bartlesville dis- 
trict in Oklahoma, but is characterized by smaller wells, both of oil 
and gas, and in general by a lower grade of oil. The producing 
sands in the eastern part of the district are members of .tiie Chero- 
kee shale. 

The Butler county fields are the important part of the western 
district, since Cowley and Sumner counties have produced very little 
oil and only moderate amounts of gas. The oil in the western dis- 
trict is of considerably better grade than that of the eastern district, 
and the average initial production of the wells is very much greater. 
The producing sands are at a considerably higher horizon than those 
farther east. The structural' conditions are also different and the 
analogies of this district are rather with the Kay county and the 
Billings and Garber fields in Oklahoma than with the eastern 
Kansas district. 

In general the accumulation in the {hwIs in the eastern district 
does not seem to depend much on structural conditions but more on 
the porosity and thickness of the sands and, probably, on the or- 
ganic content of the shales with which they are associated. 

The belt of production is one of minor folding, but with few 
or no pronounced closing structures. It may be said that where 
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undoubted favorable structural ia shown on the surface that pro- 
duction is almost certain to be found but that the production is not 
restricted to such localities occurring also where the surface dip is 
normal and even in smalt synclinal folds. 

In the western district the important pools are located on well 
defined anticlines. There is considerable variation in detail be- 
tween the surface structure and that of the producing sands, and 
the areas of greatest production do not coincide with what would 
be regarded as the most favorable from the surface structural con- 
ditions. However, there can be no doubt that the anticlinal struc- 
ture is one of the controlling elements in the accumulation of the 
field as a whole. 

In the following paragraphs the Kansas development is dis- 
cussed under the different counties in which it occurs. 

Eastern District. 
Franklin and Miami Counties. 

The oil and gas development in Franklin and Miami counties 
is continuous, lying in the western part of Miami and the eastern 
part of Franklin. The productive area is shown in fig. 62. The 
area is the northernmost extension of the eastern district and is 
separated from the main part of the district by a distance of about 
50 miles. 

The surface rocks belong to the lower part of the Pennsylvanian 
system. The Pleasanton shale, the highest member of the Mar- 
maton formation outcrops in the southeastern comer of Miami 




Fig. 03. — Ma[> i>howlii): proiliicinfc arptia In I'rnnkllii nnd Mliimi coiintle)'. 
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county. Toward the northwest successively higher formations 
are encountered. The Kansas City formation covers nearly all the 
southeastern half of Miami county; the Lansing, the northwestern 
half of Miami and southeastern part of Franklin ; and the Douglas 
formation the northwestern part of Franklin. 

. The general dip is about 20 feet to the mile to the northwest. 
Some small variations in the normal dip are known to occur but 
their relationship to the accumulation has not been determined. 

The production is in the northwestern fourth of Miami county 
and in an adjoining belt about Ave miles wide in Franklin county. 
Practically all the production is in Townships 16 and 17, Ranges 21, 
22 and 23 east, but only a part of these six townships are produc* 
tive. 

The Miami county development is known as the Paola pool. 
Most of the productive wells in the vicinity of Faola are in sees. 
16, 17, 18 and 19, T. 17 S., R. 23 E. From this locality a narrow 
production belt extends northwest across the northwestern part of 
T. 17 S., R. 22 E., and into the southwestern comer of T. 16 S., R. 
22 E., near Whtttaker. A short distance to the southwest of this 
belt is another group of wells in sees. 22, 23, 24 and 26, in T. 17 
S., R. 22 E. Other productive areas lie about three miles east of 
north from Paola in sees. 33 and 34, T. 16 S., R. 23 E., and two ad- 
joining sections to the south, and in the extreme southwestern 
part of T. 17 S., R. 22 E. 

The principal development in Franklin county is known as the 
Rantoul pool. It includes a belt a little more than a mile wide just 
west of the Franklin-Miami county line, extending from near Ran- 
toul northward for six miles. There is scattered development over 
nearly all the northwestern part of T. 16 S., R. 21 E. 

By far the greater part of the wells produce oil but there 
are gas wells scattered through the field and groups of gas wells 
in some localities. 

The principal gas areas are (1) about three miles west of 
Paola in sees. 14, 15 and 23, T. 17 S., R. 22 E: (2) a group of wells 
immediately southeast of Rantoul; (3) in sees. 34, T. 16 S., R. 21 E., 
and the adjoining section to' the south; and (4) in the vicinity of 
Peoria in sec. 12, T. 17 S., R. 20 E. 

The development in Franklin and Miami counties dates back to 
about 1900. There was considerable activity during 1904, 1905 and 
1906, but during the following period of low prices there was very 
little drilling. With the increased price for oil, the area took 
on a new lease of life in 1914, 1915 and 1916, but was checked in 
1917 and 1918 Jby the transfer of attention to the more prolific 
Butler county fields. 

The wells in this area have never been phenomenal producers. 
Initial productions of as high as 250 barrels per day have been re- 
corded but 40 to 50 barrels is considered a good well. The wells 
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Linn and Anderson Coimties. 

decline rather slowly to a settled production of 4 to 5 barrels. Tbe 
gas welts are rather small, most of them showing an initial capac- 
ity of less than a million cubic feet per day. The tetritory is 
spotted and the percentage of dry holes is high, averaging 15 per 
cent for the two counties. 

The production comes from different horizons. Productive 
sands are recorded at depths ranging from less than 300 to more 
than 900 feet, but the bulk of the production comes from between 
400 and 600 feet. The thickness of the sands also varies widdy, 
ranging from only a few feet to 50 feet. Some of the shallow pro- 
duction comes from the lower members of the Marmaton forma- 
tion but the greater part comes from the sand lenses in the Chero- 
kee shale. The Mississippi lime is penetrated at 1,000 to 1,200 feet 
below the surface. 

KECOKD OF WSLL8 COMPLETED l.S' EBA.NiELIN AND UIAUI COUNTIES lilt— l>lt. 



The total and average initial productions for the two counties 
are given in the following table : 

Iftli IIU 1914 Ills 1H« 

Tear TtL Ant. Ttl. At(c. TU. Avie. Ttl. At(c. Ttl. Atm. 

FnnUIa Count;. .ISS B.a TIB 13.1 1,SM g.I Ml R.T 2,M« IM 

Mluil CounlT 9M 7.0 Ut H.l i.IM !»-< 

Linn and Anderson counties adjoin Miami and Franklin coun- 
ties on the south and the geological conditions are almost precisely 
similar. These two counties lie in the belt included in the eastov 
district and there is no apparent reason why they should not be 
productive of oil and gas. However, there has been no development 
of any importance although many test wells have been drilled. A 
small amount of oil has been found near Mound City in Linn 
county, and there are several old gas wells, most of which have 
been abandoned, in Anderson county. Some wells in both counties 
have shown small amounts of oil, but there is almost no commercial 
production. The depths to the horizons in the Cherokee shale, whicb 
are productive to the south, vary from about 300 teet in the soutb- 
eaatem part of Linn county to about 1,000 feet in the northwestern 
part of Anderson county. 
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The most important recent development in Linn county has 
been the discovery of a fair grade of oil near the towns of Parker 
and Beagle. There are at Parker some 25 wells with an average 
daily production of 10 barrels per well, at a depth of 600 feet. The 
wells at Beagle produce at about the same rate at a depth of 
500 feet. 

The most important development in 1917-18 in Anderson 
county was the discovery in sec. 11, T. 20 S., R. 20 E., of a good 
grade of oil at 650 feet. These wells on the Poss farm had an ini- 
tial production of 100-150 barrels and still produce at the rate of 
from 15 to 20 barrels. The discovery was limited, however, to 6 
wells and, while another well at a like depth has recently been 
drilled in sec. 14, it is likely that the field will here -prove very 
limited. 

Allen County. = ;■ 

The rocks of Allen county belong to the Kansas City, Lansing 
and Douglas formations. As is the case in the whole district, the 
rocks dip gently to the northwest. 

The production of oil and gas in Allen county dates back sev- 
eral years, the gas pool at lola being one of the early developments 
in Kansas. 

The development is well scattered over the county but the im- 
portant production can be grouped into three pools, the lola, 
the Moran and the Humboldt. The producing areas are shown in 
fig. 63. 

The lola pool may be considered as including the important gas 
development which centers about lola. It is . an irregular shaped 
area eictending from the south side of T. 25 S., R. 17 E., northeast- 
ward to the vicinity of Carlyle, a distance of about 15 miles. For 
most of the distance the producing area is. about 5 miles wide but 
near lola and LaHarpe it expands to about 10 miles in Vidth. Dry 
holes in the southwest part of T. 25 S., R. 18 E., practically divide 
the pool into two parts. The pool is primarily a gas producer, A few 
oil wells are scattered through the pool, most of which lie within 
three or four miles to the west and southwest of lola. The largest 
recorded capacities of the gas wells -are about 15,000,000 cubic 
feet |>er day, but most of the wells are much smaller. The gas 
from this pool has been the cause of the location of large zinc 
smelters at lola. 

The development near Moran, in the eastern part of the county 
is principally of oil. One group of wells lies from 2 to 4 miles east 
of Moran and includes about 6 square miles in the south-central 
part of T. 24 S., R. 21 E., and one square mile in the township to the 
south. Another group extends west and southwest of Moran for 
about 6 miles. This group is practically continuous with the lola 
pool to the west. A group of gas wells lies from 1 to 3 miles south 
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of Horan. The Humboldt pool is in the southwestern part of the 
county, including all of T. 26 S., R. 18 E.. and extending into the ad- 
joining townships. It is continuous with the lola gas pool to the 
north and the Chanute oil pool to the south. Most of the wells are 
oil producers, but there are gas wells scattered through the pool 
and a large group of them in the southwestern part of the pool. 

In addition to the three pools noticed above there is consider- 
able development in a belt extending diagonally across T. 26 S., 
R. 19 E., from the vicinity of Elsmore southwestward to the vicinity 
of Leanna. This development is principally gas with a few oil 
wells in the middle part of the belt. 

The oil wells of Allen county are of small initial production, 
very few producing over 100 barrels per day and the roost of them 
being much smaller. They hold up well, however, and this fact 
coupled with the shallow drilling has made the field a profitable 
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one. The depth of the wells ranges from about 650 to about 900 
feet. 

There ae at present some 16 wells west of Savonberg, sec. 
29, T. 26 S., R. 20 E. These wells have at present a production which 
gaucres 45 barrels daily. 

WELL RECORD FOR ALLEN COl'X'TV. l«S4-l«ie. 
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Neosho County. 

Neosho county lies directly south of Allen county and the gen- 
eral conditions are similar to those just described, except that the 
rocks in southeastern Neosho county are older than those exposed 
-in Allen county and those in northwestern Allen county are younger 
than any in Neosho. 

The principal oil and gas field is known as the Chanute pool 
and is the continuation of the Humboldt pool of Allen county. The 
principal oil production is in a belt in the northwestern part of 
the county, extending from the Neosho-Allen county line southeast- 
ward past Chanute to the vicinity of Erie. Important gas producing 
areas with scattered oil wells lie northeast and southwest of the main 
oil belt. Gas wells are distributed irregularly through the oil pro- 
ducing district. There are two groups of oil wells in the vicinity of 
Thayer in the southwestern part of the county. The producing 
areas are shown in fig. 64. 

The oil development of Neosho county dates back to 1903 when 
the first big oil well was brought in. The wells are generally 
small, a few wells have had initial productions of 250 barrels or 
more per day but the majority have had less than 100 barrels per 
day. The production settles to 5 to 10 barrels per day per well 
within a few months and continues at this rate for several years be- 
fore the wells are exhausted. 

The producing horizons and the depths to production are prac- 
tically the same as for Allen county. 
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Woodson County, 
The roclts of Woodson county belong to fhe Douglas and 
Shawnee formations, with a small area of the Lansing formation 
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in the southeastern comer. As in the rest of the district, the normal 
dip is to the northwest, with small local variations. The top of the 
Cherokee shales is reached at a depth of about 1,000 feet and gran- 
ite was reported in a well near Yates Center at 2,550 feet. 

The development of Woodson county has' been very slow and 
the production, both of oil and gas, is small. 

The 'principal productive area is in the southeastern part of 
the county and ia the continuation of the Humboldt pool in Allen 
county to the southeast. The production in this area is scattered. 
The wells are mostly oil wells with a few gas wells in T. 26 S., R. 17 
E. The other development consists of a few oil and gas wells within 
a radius of about two miles from Yates Center, a small group of oil 
wells about a mile west of Vernon, and a larger {n*oup near Neosho 
Falls in the northeastern comer of the county. Many of the older 
wells have been abandoned. 

While several wild cat wells have been drilled in the county, 
much of the area, especially in the western part has not been thor- 
oughly tested and the county may become more important as a 
producer in the future than it has been in the past. 

Recent development in Woodson county has centered in the 
Vernon field and south of Yates Center. The oil at Vernon is a 
heavy variety with a settled production of 2 to 5 barrels per well 
daily. 

South of Yates Center in sees. 22, 23, 26, 27, T. 25 S., R. 15 E., 
a small gas field has been discovered at a depth of approximately 
1,100 feet. These wells. later produce a heavy oil in small quantities. 
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Wikon County. 

Wilson county lies immediately south of Woodson county and 
the general conditions are similar. The surface rocks belong to the 
Kansas City, Lansing and Douglas formations. The depths to the 
producing sands vary from about 700 to a little over 1,000 feet. 

The production of oil and gas, however, is much more im- 
portant in Wilson than in Woodson county. The development be- 
gan very early with the opening of the gas field near Neodesha in 
1893. The company which did the early work in this field was later 
reorganized as the Prairie Oil and Gas company, which has become 
one of the principal producing and transporting companies in the 
Mid-Continent field. The later development has followed the fine- 
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tuations noted in ttie general historical discussion of the Kansas 
field, being governed principally by the variations in the price of 
oil. 

Throughout the history of the development, gas has been more 
important than oil in Wilson county. The gas wella far out- 
number the oil wells and the value of gas produced has been much 
greater than that of the oil. The abundant supply of gas has led 
to the establishment of important manufacturing industries at 
Neodesha and Fredonia. 

The gas production is scattered in a broad belt including prac- 
tically the eastern two-thirds of the county and connecting in a 
general way the Humboldt and Chanute pools to the northeast with 
the Montgomery county pools to the south. Within this area, the 
wells are clustered more thickly in some localities than in others. 




Fig. 65. — Map showing producing 



In Wilson couutf. 
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but they are not grouped into distinct pools. Oil wells occur at in- 
tervals throughout the area and in considerable groups in the 
vicinity of Neodesha, near Altoona, and in a belt extending north- 
eastward from Benedict to the north line of the county. The pro- 
ducing areas are shown on tiie sketch map (fig. 65.) 

WKLL EBCOBD FOB WILSON COCNTT. l*M-1*ie. 

TdUI ToUl ATflft 



Montgomery County. 

The surface rocks of Montgomery county belong to the Marma- 
ton, Kansas City, Lansing and Douglas formations. The Harmaton 
occupies a small area in the southeastern part of the county; the 
Kansas City most of the eastern part; the Lansing, a broad belt 
west of the middle; and the Douglas, a belt along the western bor- 
der. The main productive horizons are in the Cherokee formation, 
the top of which is reached at depths ranging from about 400 feet in 
the southeastern part of the county to more than 1,000 feet in the 
northwestern part. 

Production of oil and gas is scattered over almost the entire 
county. Every congressional township has had some productive 
wells. However, the principal productive area is a -belt about 12 
miles wide extending diagonally across the county in a northeast- 
southwest direction. The development in this belt is practically con- 
tinuous and cannot be sharply differentiated into pools. However, 
the oil wells are grouped to some extent and the groups are spoken 
of as "pools." The principal groups of oil wells in the main pro- 
ductive belt are (1) the Cherryvale, lying northwest of the town; 
(2) the Independence, lying about 4 miles southeast of Indepen- 
dence; (3) the Bolton, a rectangular block extending about S miles 
east and 4 miles north from Bolton; (4) the Wayside, an irregular 
shaped area centering at Wayside; and (5) the Caney, extending 
eastward from Caney along the south line of the county. Smaller 
groups of oil wells lie about mid^way between Dearing and Jefferson, 
near Larimer, and along the north line of the county northwest of 
the Cherryvale pool. Gas wells are found in all parts of the county, 
but the great gas producing area is a belt extending south from In- 
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dependence to the south line of the county and varying in width from 
2 or 3 to 9 or 10 miles. 

Besides the development in the main b^t there is oil develop- 
ment in the southeastern part of the county and near Elk City in 
the northwestern part. The producing areas are shown in fig. 66. 

The history of the Montgomery county field began in 1893 when 
the first gas was discovered. Oil production began about 1902 and 
about the same time the gas production was greatly increased by 
the discovery of larger wells than had been brought in hitherto. 

Following the discovery of oil the development of the county 
was very rapid and most of the pools had a maximum of activity 




Tig. 66 — Map showing prcHliicliip situs in Montgomery county. 
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about 1905, and then declined rapidly on account of the discovery 
of larger producing fields in Oklahoma and the prevailing low prices 
for oil. Beginning in 1912 there was a renewed activity which has 
continued to the present except for a slump in 1915 which accom- 
panied the break in prices produced by the flood of high-grade oil 
from the Gushing field. 

The initial production from individual wells, of both oil and gas 
has been considerably larger in Montgomery county than in the 
counties farther north. Gas capacities of as high as 50,000,000 
cubic feet and initial oil productions of more than 1,000 barrels per 
day are reported. The great majority of the wells, however, were 
much smaller than those mentioned. 

The oil production declines rather rapidly to from 5 to 26 bar- 
rels per day but continues for several years. 

The producing sands lie at depths of from 600 to over 1,000 
feet below the surface. In the southwestern part of the county, the 
"Wayside" sand is found at about 600 feet; the "Wieser" sand, at 
about 700 feet, and the "Bartlesville" sand at about 1,100 feet. Gas 
production is had from a still deeper sand which is probably the 
upper part of tiie Boone chert (Mississippi lime.) 
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On January 1, 1917, Montgomery county was credited with 1846 
producing oil wells. 

Labette County. 

Labette county lies immediately east of Montgomery county, and 
the producing area is an eastward extension of the Montgomery 
county pools. 

The Cherokee shale outcrops in the southeastern part of Labette 
county 80 the producing sands lie at very shallow depths. Only a 
small portion of the county, an area of about one and one-half town- 
ships near Mound Valley in the west-central part of the county, is 
productive. 
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Both gas and oil are produced, but both are in small amounts. 
The gas production is more important than the oil. The depth to 
producing sands is from 600 to 700 feet. 

There is very little chance for important production in the 
eastern half of the county where the Cherokee shale lies at the sur- 
face or at very slight depths. 

WELL RECORD FOR LABRTTE COUNTY. 1S04-191S. 

InltUl 
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Bourbon and Crawford Cotmties: 
Recent prospecting has opened a small field in the northwest- 
em comer of Crawford county and the adjoining portion of Bour- 
bon county at a depth of 600 feet. There are at present some 30 
wells of 5-10 barrels capacity. The prospects promise considerable 
activity in this general region in the near future. 

Chautauqva County. 

Chautauqua county has been an important factor in oil and 
gas production in Kansas for a good many years. It lies imme- 
diately west of Montgomery county and has the same general con- 
ditions except that the surface rocks are higher in the Pennsylvanian 
system and, consequently, the productive sands are deeper than in 
Montgomery county. The surface rocks belong to the Lansing, 
Douglas, Shawnee and, in the extreme northwestern comer, to the 
Wabaunsee formation. 

Oil and gas were first discovered in Chautauqua county about 
1900 with the opening of the Peru pool, and since Uiat time the his- 
tory of the development has shown an almost perfect parallel to that 
of Montgomery county and the eastern district in general, with a 
great activity until 1904 or 1905, then a period of quiescence until 
about 1912, then a renewed activity for the past 5 or 6 years with a 
slump in 1915. 

The productive area is practically confined to the southeastern 
half of the county, and nearly all the oil production is in the south- 
central part around Peru, Chautauqua and Sedan. These areas are 
shown in Ag. 67. 
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Fig. 67.— Map shonint; produclug areas In Chautauqua county. 



The wells are of fairly good aize when broug'ht in and settle in a 
few months to a reliable production of from 2 to 5 barrels per day. 
The sands are more or leas lenticular and also vary in porosity so 
that dry holes are occasionally drilled in the midst of production. 

The production of both oil and gas comes principally from 
three horizons. 

1. The Red or Stray sand is encountered at a depth of between 
1,100 and 1,200 fpet in the Sedan pool. It is a fairly persistent 
sand in this area with a thickness of from 15 to 50 feet. 

2. The Peru sand lies from 125 to 200 feet below the Red or 
Stray sand. It is found over practically the whole area and varies 
in thickness from 20 to 55 feet. 

S. The Bartlesville sand occurs only in the southeastern part 
of the producing area. It lies about 300 feet below the Peru. The 
thickness of the Bartlesville varies but as a rule it is thicker than 
either the Red or Peru sands. 

The Hancock sand is a non-persistent body of sand locally 
found between the Bartlesville and Peru, about 90 feet below the 
latter. Some gas is produced from the upper part of the Boone 
chert (Mississippi lime.) 



r>' Google 



Oil and Gas in the Mid-Continent Fields. 

WELL RECORD FOR CHAUTAiqt'A COVST\. ISDl-KIO. 


















































On January 1, 1917, Chautauqua county was credited with 1,315 
producing oil wells. 

WESTERN DISTRICT. 

The Western district includes the oil and gaa fields of Butler 
county, and the gas fields of Cowley county. The comparatively bar- 
ren belt between the eastern and western districts includes Elk and 
Greenwood counties, which for convenience are discussed in this 
connection. 

Elk County. 

The only important oil development in Elk county is near Long- 
ton in the southeastern part of the county. There is also a small 
field a short distance to the southeast, and near the junction of 
EIk, Chautauqua, and Montgomery counties several gas wells of 
exceptionally large capacity for the region were developed late in 
1918 and early in 1919. This field is about 4 miles west of Elk City 
in Montgomery county and is known as the Elk City gas field. 

Alt this development is adjacent to the producing areas of 
Chautauqua and Montgomery counties and the conditions are similar 
to those described for those counties. 

The remainder of Elk county has had several test wells but the 
results have been practically negligible. 

Greenwood County. 

There has been some production of both oil and gas on a well- 
developed anticline near Beaumont. The wells so far are of only 
moderate size but give promise of a pool of considerable importance. 
Small oil wells have been found near Reese in the west-central part of 
the county and also near Vergil, northeast of Eureka. These areas 
have been fairly well tested and do not seem promising for large 
developments. In July, 1919, a well good for about 200 barrels per 
day was drilled in the northwestern part of the county in T. 23 
N., R. 10 E. 
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Cowley County. 

Several favorable structures are known in Cowley county , but 
so far the production haa not been of much magnitude. 

Some oil and gas have been produced near Dexter in the south- 
eastern part of the county. Most of the gas is composed so largely 
of nitrogen that it is not combustible. 

Gas wells of good capacity and some small oil wells have been 
brought in east and southeast of Winfield. The principal sands lie 
in the alluvium filled valley of Walnut river. 

A gas producing area of considerable importance lies between 
1 and 3 miles north of Arkansas City. The wells are reported to 
have capacities of from 15,000,000 to 70,000,000 cubic feet of gas per 
day. The principal sand lies at a depth of about 3,200 feet but 
some gas is found in shallower sands. The productive area includes 
about 4 square miles. 

There is one producing oil well near New Salem. Four or five 
dry holes have been drilled near this well. 

Butler County. 

The Butler county fields are by far the most important so far 
developed in Kansas. The principal fields are the Augusta, North 
Augusta and Eldorado. The minor pools are the Douglas, Smock, 
Slussi Potwin and Elbing. The producing areas are shown in fig. 68. 

Augusta field — -The surface rocks of the Augusta, as well as 
of the Eldorado field, belong to the lower part of the Permian. The 
Florence flint. Fort Riley limestone and Winfield limestone are the 
main outcropping beds. These beds form prominent escarpments 
and make the determination of the surficial structure easy except 
in the alluvium filled valey of Walnut river. 

The Augusta field was first developed as a gas field. A local 
company was organized in 1903 and a small gas well was brought in 
in 1905, The first well of any importance was completed on the 
Skaer farm southeast of the city in 1906. There was very little 
activity until 1912, when the Wichita Natural Gas company secured 
a large block of acreage on the structure which had been worked 
out to the south of the producing gas wells. The field was soon 
dotted with gas wells. In January, 1914, a location was made on 
the Frank Varner farm in sec. 21, T. 28 S., R. 4 E., but as it made 
only a small gas production, it was drilled deeper and oil was en- 
countered at a depth of 2,466 feet. The well was carried to a total 
depth of 2,520 feet and the tubing was placed and production started 
July 18, 1914. Since that time development' has been continuous, 
proceeding more slowly than is usual on account of the one com- 
pany having practically all the acreage. 



r>' Google 



on and Gas in the Mid-C(mtinent Fields. 




Fig. 08. — Map showing produciag ; 
foiinty. 



The surface struc- 
ture of the Augusta 
field shows a well- 
d e fi n e d anticline 
with the production 
following the gener- 
al outline of the 
structure. The sub- 
surface structure 
coincides in a gen- 
eral way with that 
of the surface but 
shows considerable 
minor folding that 
is not revealed at 
the surface. A fault 
in the oil sands, 
with a displacement 
of 100 to 150 feet is 
a prominent sub- 
surface feature not 
shown at the sur- 
face, but its course 
lies in the Walnut 
river valley and the 
scarp along the 
west side of the val- 
ley may represent 
the fault, but the 
east side cannot be 
determined. There 
are also smaller 
faults shown in the 
structural maps on 
the oil sands. 

The gas produc- 
ing area is in the 
northern part of the 
field, and includes 
all or part of sees. 
35 and 26 in T. 27 
S., R. 4 E., as well 
as a good part of 
the oil producing 
area covers all or 
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parts of sec, 35 T. 27 S., R. 4 E., and sees. 2, 3, 8, 9, 10, 11, 14, 15, 
16, 17, 20, 21 and 29 in T. 28 S., R. 4 E. 
. The producing sands are five in number, viz : 

(1) A gas sand at about 450 feet. This is not commercially 
productive since the gas contains so much nitrogen as to be 
worthless. 

(2) A ^as "sand" at 1,400 to 1,500 feet or deeper. The gas 
seems to be irregularly distributed through a series of mixed sedi- 
ments, largely limestone. The wells have initial capacities of from 
1,000,000 to 3,000,000 cubic feet per day and hold up well. 

(3) An oil sand at 1,700 feet, which is productive only in sees. 
21 and 24, T. 28 S., R. 4 E. The wells are small. 

(4) An oil "sand" at 2,000 feet. This "sand" is the upper 
part of a limestone formation about 200 feet thick. Tlie production 
occurs in scattered areas in sees. 2, 6, 9, 10, 11 and 14 in T. 28 S., 
R. 4 E., and in sec. 35 of the township to the north. The largest 
wells from this sand had. initial productions of about 1,200 barrels 
per day but most of them are from 50 to 100 barrel wells. The oil 
ranges from 38 degrees to 42 degrees Be' in gravity. 

- (5) An oU sand at about 2,600 feet known as the Vamer 
sand, which is practically co-extensive with the field. The produc- 
tive horizon is the top part of a body of sand which is 300 feet 
thick without important shale breaks. The production is usually 
found in two streaks or pays which are separated by water sand, 
and water also occurs closely under Uie deep pay. The distance 
of the water surface below the top of the sand varies from 6 or 6 
to 40 to 50 feet in different parts of the pool. The maximum well 
brought in from this sand had an initial production of 9,000 barrels 
per day. The oil averages about S3 degrees Be' gravity. 

North Auffiista field — ^The North Augusta field is a narrow belt, 
not over one-half mile in width and with a length of about 4 
miles. It extends in a nearly north-south direction through sees. 28, 
21, 16, 15, 9 and 10, T. 27 S., R. 4 E. The general conditions of struc- 
ture and stratigraphy are similar to those of the Augusta field. The 
sands are somewhat shallower, the production comes from two 
or three pays in the 2,000 foot sand, which are small and scat- 
tered, and from the Vamer sand. This sand has given large wells 
over the whole area but particularly at the southern end where the 
largest well in either of the Augusta fields was brought in with an 
initial capacity of 12,000 barrels. 

Eldorado field — ^The general geologic conditions in the Eldorado 
field are entirely similar to those at Augusta. The structure 
is a large, irregular, dome-shaped anticline with an area practi- 
cally coinciding with that of the producing field. As at Augusta, 
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the structure on the producing sands shows many minor irregulari- 
ties that are not shown at the surface. The productive area lies in 
Twps. 25 and 26 S., R's. 4 and 5 E. 

Ail or parts of the following sections are productive. 

In T. 25 S., R. 4 E., sees. 25, 35 and 36. 

In T. 25 S., R. 5 E., sees. 16, 20 21, 22, 27, 28, 29, 30, 31, 32, 33 
and 34. 

In T. 26 S., R. 4 E., sees. 1, 2, 3, 10, 11, 12, 13, 14, 15, 24 and 25. 

In T. 26 S., R. 5 E., sees. 3, 4, 5, 6, 7, 8, 9, 17, 18, 19, 20, 29, 30, 
31 and 32. 

The Eldorado field was discovered in 1915. Several wells had 
been drilled in the vicinity of Eldorado and one well in the heart 
of the present field (in sec. 1, T. 26 S., R. 4 E.) was drilled by the 
city of Eldorado without encountering oil or gas in quantity. In 
the fall of 1915, the Stapleton No. 1 well in the NEl-4, SEl-4 sec. 5, 
T. 25 S., R. 5 E., found shallow production in a sand at about 600 
feet but this was cased off and the well carried deeper. At 2,465 
feet an oil sand was encountered and was penetrated to a depth of 
2,511 feet. The well was finished Feb. 15, 1916. 

The resulting development has proceeded somewhat more rap- 
idly than in the case of the Augusta field since, although most of the 
area was controlled by one company, scattered tracts have caused 
much offset drilling. The early development was on the eastern side 
of the area, but worked westward and in the summer of 1917, To- 
wanda pool was opened. This pool has had the largest wells so far 
drilled in Kansas or Oklahoma, the maximum initial production 
being about 20,000 barrels per day. 

The sands of the field correspond in a general way to those of 
the Augusta field and are as follows : 

(1) An oil sand at about 600 feet This sand was developed 
in the early history of the field and gave many wells of 25 to 30 
barrels initial production. It is productive in all or part of sees. 
16, 21, 22, 29, 28, 27. 31. 32, 33 and 34 in T. 25 S., R. 5 E., and 
parts of sees. 5 and 6, T. 26 S., R. 5 E. 

(2) A gas sand at about 1,300 feet. This sand gives small 
gas wells at scattered localities in the field. The wells are small, 
and the supply of gas is not sufllicient to supply the demand for fuel 
for development purposes. 

(3) An oil sand at about 1,600 feet. This sand horizon is 
not continuous and is productive only in patches, principally in 
sees. 1. 2, 11 and 12. in T. 26 S., R. 4 E., and in sees. 8 and 17, T. 
26 S., R. 5 E. 

(4) An oil "sand" at about 2,000 feet which is productive at 
various points in the field principally in sec. 33, T. 25 S., R. 5 E.,and 
sees. 8 and 17, T. 26 S., R. 5 E. This "sand" is in the upper part of a 
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^mestone 2.000 foot sand in the Augusta field. The sand gives wells 
oE only moderate production in the Eldorado field. 

(5) An oil sand at 2,350 to 2,500 feet, which ia the Varner 
sand of the Augusta fields. This sand is the principal producing 
horizon and is co-extensive with the field. The relations and nature 
of the sand are the same as in the Augusta field. The sand gives 
good wells in all parts of the field, but is especially productive in 
the Towanda pool in the western part of the field, where wells of 
as high as 20,000 barrels initial production were developed. 

Minor Pools — Minor pools in the Butler county fields are the 
Smock pool in sec. 2, T. 27 S., R. 5 E., and sec. 35, in T. 26 S., R. 5 
E. ; the Sluas pool in sees. 25 and 26, T. 26 S., R. 5 E. ; the Potwin 
pool, lying principally in sec. 36, T. 24 S., R. 3 E,; the Wilson pool, 
principally in sees. 8 and 9, T. 25 S., R. 5 E.; the Ramsey pool in 
sees. 2 and 3 of the same township, and the Elbing pool, lying princi- 
pally in sec. 17, T. 23 S., R. 4 E., and the Douglas pool, northwest of 
Douglas, in T. 29 S., R. 4 E. None of these pools exceed 2 square 
miles in area. The geologic conditions are similar to those at Augusta 
pool. The production is from a horizon equivalent to or near the 
Varner sand. The Wilson pool also has production from the 600 foot 
sand. The wells have been of moderate size. Recently oil has been 
found northeast of the Elbing pool, east of Peabody in Marion 
county. The significance of this discovery can not be stated as yet, 
but some very good wells are being brought in. 

The following table gives the well record, total and average 
initial production and the marketed production of the Butler county 
fields from 1914 to 1918 inclusive. 
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OIL AND GAS FIELDS OF OKLAHOMA. 

The oil and gas fields of Oklahoma may be divided into the main 
field in the northeastern part of the state and the outlying areas 
in the other sections. The main oil and gas field may be subdivided 
into several districts as follows : Nowata district or shallow field, 
Bartlesville district, Sapulpa district, Tulsa district, Muskogee dis- 
trict, Okmulgee district, Osage district. Pawnee county or Cleveland 
district. Gushing district and Kay county district. Most of these dis- 
tricts are again subdivided into pools or fields. The location of the 
principal pools is shown on the state map (PI. I.) In the following 
sections each district is considered in turn and the pools contained in 
each are noted separately. 
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NOWATA WSTEICT. 

The Nowata district includes Nowata county and the northern 
part of • Rogers county. It is the portion of the Cherokee field 
known as the "Shallow field" with the addition of the Adair pool 
west of Nowata. The district may be divided into the following 
pools: Goody's BIuff-AUuwe, Delaware-Childers, Nowata or Clag- 
gett, California Creek, and Adair. The producing areas are shown 
in fig. 69. 

Coody's Bluff'Al- 
Utwe pool — The 
Goody's Bluff-Allu- 
we pool lies princi- 
pally on the east 
side of the Verdi- 
gris river, extend- 
^ ing from Spencer 
Creek west of 
Chelsea on the 
south, northward to 
the line between 
Tps. 26 and 27 
north. The total 
length of the pool 
from north to south 
ia about 18 miles. 
The greatest width 
is about the latitude 
of AUuwe Post Of- 
iSce, where it is 
about 5 miles, and 
the least width is 
about 2 miles in the 
vicinity, of Coody's 
Bluff Post Office. 
The total area of 
the pool is about 75 
square miles. The 
northern and southern portions of the pool are sometimes con- 
sidered separately as the Coody's Bluff and Alluwe pools, the di- 
vision line being drawn at Salt Creek, where there is a rather 
marked break in the development. The extreme southern part of 
the pool lies west of Chelsea and is sometimes known as the Chelsea 
pool. The northern line of the Coody's Bluff-Alluwe pool ia merely 
one of convenience, as the development is practically continuous 
with that of the Delaware-Childers pool. 
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The development is fairly solid over the area as outlined, al- 
though there are occasional dry holes scattered through the field 
sometimes in close proximity to producing wells. There are also 
occasional gas wells throughout the field, but they are much more 
abundant along the east side, especially in the Goody's Bluff portion 
of the field where the gaa development extends as much as 2 miles 
to the east of that of the oil. 

The wells in the pool vary considerably in depth on account of 
the irregularities of the surface and on account of the fact that 
the axis of the pool Is diagonal to the strike of the rocks, i. e., the 
wells in the northern part of the pool are started at a higher geolo- 
gical horizon than those at the southern end of the field and the depth 
to the producing sands is correspondingly greater. The depth of 
the wells in the Alluwe portion of the pool varies from about 350 
to about 575 feet in the Cpody's Bluff portion from about 600 to about 
750 feet. In general the shallower wells are to the south and east 
and the deeper ones to the north and west. The wells in the south- 
ern part of the popl are started near the upper surface of the Fort 
Scott (Oswego) formation .and those in the northern part of the 
field, with few exceptions, start below the base of the Altamont. 

Two producing sands are known in each portion of the pool. 
The upper is probably the Bartlesville sand and is found about 400. 
feet below the top of the Fort Scott or Oswego limestone. It fur- 
nishes by far the greater portion of the production. The lower 
sand in the southern portion of the pool is about 65 feet lower than 
the Bartlesville. The lower sand in the northern part is 200 feet 
below the Bartlesville. It is known as the Burgess sand. The Bar- 
tlesville sand varies from 20 to about 25 feet and the lower sand in 
the Alluwe portion of the field from 15 to 20 feet ip thickness. 

The oil from this field is usually a dark green or greenish black 
in color and its specific gravity is in the neighborhood of 35 degrees 
Baume. The base is of mixed paraffin and asphalt. The proportions 
of the two vary srreatly but the paraffin usually predominates. 

The following table gives the well record and the total and aver- 
age initial production for this pool in 1905, 1906 and 1909, 1910 and 
1911. For 1907 and 1908 the statistics for the whole' shallow sand 
district are combined and those for the separate pools cannot be 
given. The southern part of the field is divided by the U. S. Geolo- 
gical Survey into the Chelsea and Alluwe pools. 

TABLE SHOWISC AVERAGE INITIAL CAPACITIEa OF WELLS IN THE 
ALLUWE-CRELSEA POOL. 
— Coodj's Blnir— Alluwe 
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Since 1911 the published statistics have grouped all the shallow 
sand pools. It is seen in the tables given above that the Goody's 
BIuff-Alluwe-Chelsea pool reached its maximum between 1906 and 
1909. Development has continued to the present, but only in a 
small way. The statistics for the entire shallow sand area are given 
at the end of the discussion of the Nowata district. 

Nowata pool — The- Nowata or Claggett pool is the western ex- 
tension of the Goody's Bluff pool. It embraces about 5 square miles 
in Nowata county, in sees. 8, 9, 16, 17, 18, T. 26 N., R. 16 W. The 
depth of the wells varies from about 550 feet near Verdigris river 
on the eastern aide of the field to about 725 to 750 feet on the west- 
em edge of the pool. The productive sand is the Bartlesville, which 
lies from 390 to 410 feet below the top of the Fort Scott or Oswego 
lime. The sand varies in thickness from 15 to 20 feet and is sep- 
arated by 5 to 10 feet of sandy shale from a lower sand of about the 
same thickness. The wells in the eastern part of the pool are started 
about the top of the Big Lime (Altamont) and those in the western 
part about the horizon of the Lenapah limestone. 

The Nowata pool is pretty well surrounded by dry holes which 
define the area of the pool. There are also dry holes scattered 
through the pool, but it is probable that many of these are not truly 
dry, but gave a smaller production when they were brought in than 
was expected, or ■ than could be profitably handled at that time. 
The number of gas wells in the pool is small. Several occur in 
sees. 16 and 21 about 2yg miles northwest of Nowata and another 
group is about 5 miles southwest of the town. The town is sup- 
plied from this group of wells. Four or five more wells are scat- 
tered through the field. The supply is sufficient for local demands . 
only. 

The following table gives the well record of the pool and the 
total and average initial production of the wells of the pool from 
1909 to 1911. 
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Delaware-Ckilders pool — This pool extends westward from the 
Ghilders Post Office to the northeastern comer of T. 27 N., R. 14 E. 
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It is the westward extension of the northern end of Goody's Bluff 
pool and the general conditions are approximately the same. Along 
Verdigris river the width of the pool is a. little over 2 miles, but 
north and west of Delaware it is less than one-half mile. The logs 
of the dry wells show that the sand is present on both sides of the 
productive area, but it seems to be tight. The sand la apparently 
continuous with that of the Goody's Bluff-Alluwe field and is there- 
fore thought to be the Bartlesville sand. The depth of the oil varies 
from 670 to about 900 feet. The initial production of the wells in 
this pool was high, many of the wells starting off at better than 
150 barrels. The pool was developed very rapidly and the de- 
cline in production was also rapid ; most or all of the wells now pro- 
ducing are being pumped and some have been abandoned. The pro- 
duction now is small compared to the initial production. The oil is 
very similar in character to that of the Goody's Bluff pool. 

The well record of this pool and the initial production of the 
wells are shown in the following table : 

— InLliol 



California Creek pool — The California Greek field is located 
principally along the creek of that name in Tps. 28 and 29 N., R. 
15 E., about 6 miles south of Coffeyville, Kan. The pool was devel- 
oped principally in 1911 and 1912. The majority of the wells are 
gassers and the pool is much more important on account of its gas 
than on account of its oil production. In December, 1912, a total of 
25 gas wells had been brought in which had an average capacity esti- 
mated at from about 3,500,000 to about 4,250,000 cubic feet per day, 
and an average initial pressure of 373 pounds to the square inch. 
A large part of the supply goes to Coffeyville, Kans., and some to 
other towns in Kansas through the lines of the Kansas Natural Gas 
Company. The general geologic conditions of this pool are the same 
as those of the Delaware-Childers pool. 

Adair pool — The Adair pool is located about 6 miles west of 
Nowata, principally in T. 26 N., R. 15 E. While it lies in the Nowata 
district as defined in this book, it is more closely related geologically 
to the Hogshooter and other pools of the Bartlesville district than to 
the shallow pools east and north of Nowata. The wells start about 
the top of the Coffeyville formation and encounter the Fort Scott 
(Oswego) lime at about 625 feet and the top of the Bartlesville sand 
about 400 feet lower. The thickness of the Bartlesville sand is 
reported as being 34 feet. The Adair pool was discovered in Octo- 
ber, 1911, and its development was very rapid. 

As remarked before, the statistics for all the shallow sand pools 
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have been combined since 1911. The combined statistics are given 
below. 

WELL RECOBD OF THE CBKBOKEE SHALLOW 
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•Oil and Gib Joaniil. 

The great drop in Uie number of wells drilled in 1915 was 
due to the low price of oil which prevented the profitable working 
of very small wells. The rise in the average initial production 
shows that only such wells were drilled as had some chance of 
being fairly good producers. The decline in operations in this dis- 
trict is shown by comparing the number of wells drilled in the en- 
tire district in 1915 (600) with the number drilled in the Goody's 
Bluff -Alluwe-Chelsea pool alone in 1906 (1,390) or in the Dela- 
ware-Childers and Nowata pools in 1910 (866.) The total initial 
production of the district in 1915 was less than one-fourth that of the 
Goody's Eluff-Alluwe-Ghelsea pool in 1906. 

Operations increased somewhat in 1916 due to higher prices 
for oil but there can be no doubt that the district is long past its 
prime. The territory has been so thoroughly tested that the dis- 
covery of any important pools is practically impossible. However, 
the production will continue for several years if oil remains at its 
present high price. 

BAWTLESVILLE DISTRICT. 

The Bartlesville district lies to the west of the Nowata district 
and includes all of Washington county and a narrow strip along 
the east side of Osage county. For consideration here the district 
is divided into the following pools: Canary, Copan, Wann, Dewey- 
Bartlesville, Squirrel, Hogshooter and Vera. In general, the oil and 
gas are found in the same sands as in the Nowata district, but on ac- 
count of the prevailing westerly dip, they occur at considerably great- 
er depths, usually over (1,000) feet. On this account the district has 
usually been known as the Cherokee deep-sand field in distinction 
from the shallow-sand field to the east. The developed areas in the 
northern part of the district are shown in fig. 70 and in the south- 
em part in fig. 71. 

Canary pool — The Canary pool lies in the extreme northeastern 
part of Washington county in T. 29 N. R's. 13 and 14 E. The pool 
embraces an area of about 10 square miles and has its long axis 
in a northeast-southwest direction. 
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The productive oil horizon in the Canary pool is reached at 
depths of from 1,175 to 1,200 feet, with the greatest depth in the 
southwestern part of the field. The wells start in the shales of the 
Wilson formation of Kansas. The productive oil sand is the Bart- 
lesville, which also furnishes some gas. Gas is also found in the 
Mississippi gas sand. The Bartlesville is unusually thick in this pool. 
The majority of the logs show thicknesses of from 40 to 60 feet 
and some of them as much as 110 
feet. It is probable that when 
only 40 feet or less is shown in 
the log that the sand was not 
drilled through. A large number ' 
of wells produce both oil and gas, 
in which case the gas comes from 
the upper portion of the sand and 
the oil from the lower portion. 
There are also several gas wells , 
scattered throurfi the northeastern i 
part of the pool, while the south- ^ 
western part is almost strictly a ' 
gas field. The whole pool is re- 
markably free from dry holes. 

The Canary is probably consid- 
ered as a part of the Copan pool 
in the published statistics of the 
United States Geological Survej*. 
For the Copan pool the average • 
Initial production is given at 54.4 
barrels in 1909 and 33.7 barrels in 
1910. These figures are probably 
fairly accurate for the Canary 
pool. 

The gas field of this pool is con- 
tinuous with the pool of Caney, pig. to— Map showing producinK areas 
Kans, The gas is obtained in part i° tbe Dortbern part of tbe Bartlee- 
from the Bartlesville sand and '"'^ '^'«*''<^^' 

in part from the Mississippi gas sand. The average initial capacity 
of the wells was determined as 31,570,000 cubic feet per day and the 
average pressure was 440 pounds per square inch. The demands 
made on the field were very heavy and the wells deteriorated rap- 
idly. In September, 1911, the capacity was determined as 916,000 
cubic feet and the pressure as 18 pounds. Measures are being taken 
to revivify the wells by pumping off the water and also by drilling 
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deeper into the sand in the wells in which it was not drilled through 
when they were brought in. 

The well record and statistics of initial production of the oil 
wells for this pool are included in the Copan pool. 

Copan pool — ^The Copan pool extends from northeast to south- 
west across T, 28 N., R. 13 E. It occupies an area of about 8 square 
miles and is practically continuous with the Canary pool on the 
north and with the Bartlesville-Dewey pool on the south. Some de- 
velopment in the southeast 
part of T. 28 N., R. 12 E., ex- 
tends the development into 
Osage county and may be 
considered a part of the Co- 
pan pool. The pool is pri- 
marily an oil producer, al- 
though there are a few scat- 
tered gas wells, 
r The sands found are the 
same as in the Canary pool, 
the Bartlesville and the Mis- 
sissippi gas sand, and in 
addition a shallow sand which 
was overlooked in the early 
development. The Bartles- 
ville is found at from 1,300 
to 1,4-50 feet below the sur- 
face and about 350 feet be- 
low the top of the Fort Scott 
(Oswego) lime. It is about 
29 feet thick. The Mississip- 
pi sand lies about 200 feet be- 
low the Bartlesville and is 
about 25 feet thick. The 
shallow sand lies about 700 or 
800 feet below the surface 
and is probably the sandstone 
in the upper part of the La- 
bette shale. 

The average initial production of the oil wells drilled in the 
Copan (probably including the Canary and Wann pools) in 1909 was 
54.4 barrels and in 1910 was 33.7 barrels. 

Wann Pool— This pool is located to the east of the Copan pool in 
the west part of T. 28 N., R. 14 E. The development consists of a 
group of wells from 1 to 2 miles west of Wann and another group 
about 4 miles southwest of Wann. The general conditions of the 
pool are similar to those of the Copan pool. The development is 




TUL5A COU/" 
t'lf. 71.— Map shonlne producing areas Id the 
southern part of the Bartleaville district. 
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shown together with that of the Copan and the northern part of 
the Bartlesville-Dewey pools in fig. 25. 

The well record of the Copan (including Canary and Wann) pool 
is given in the following table : 

WELL RECORD Of THE COPAN POOL. 


















For 1915 all the Washington county pools were combined in the 
published reports. 

Dewey-BartlesviUe pool — The Dewey-Bartleaville pool occupies 
a large area extending from the north line of T, 27 N., on the north 
to the south line of T. 26 N., on the south and from the eastern line 
of Washington county west across the country and from 1 to 3 
miles into Osage county. There are many undeveloped spots in 
this area, but except along the eastern line of Washington county 
there are very few sections that do not have some producing wells. 
The portion of the pool north from Bartlesville is divided into two 
fairly distinct divisions by a belt along the Missoun, Kansas & 
Texas Railway, which has several dry wella. To the north the 
pool is practically continuous with the Copan pool, to the southeast 
with the Hogshooter pool and to the southwest with the Ochelata- 
Avant development. The division into separate pools in thus largely 
one of convenience, but the lines of separation are drawn at more 
or less pronounced breaks in the development. 

Four sands have proven productive of oil or gas or both in the 
Dewey-Bartlesville pool. The shallowest is found about 525 feet 
below the surface and about 125 feet above the top of the Big Lime. 
It is known as the McEwin sand and ia about 30 feet thick, medium- 
grained and generally light in color. It is probably a lens in the 
Ntowata shale. In some of the wells of the northern part of the 
pool a sand known as the Peru sand has proven productive of oil. 
This sand is about 20 feet thick and lies just below the Big Lime. 
Neither of these shallow sands has proven of great importance and 
in the early development were usually ignored in the effort to reach 
the deeper and more productive sands. Some fairly good wells 
have been brought in from both sands, however, and it is probable 
that as the deep sands are exhausted these shallow sands will prove 
worthy of development in view of the high price paid for oil in 
comparison to the price in the early days of the pool. 

The Bartlesville is by far the most important oil-producing 
sand of the pool. It lies between 1,200 and 1,350 feet below the sur- 
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face and its top is about 350 feet below that of the Fort Scott 
(Oswego) limestone. The sand varies in thickness from 25 to 
40 feet with some logs showing up to 60 feet. In character the sand 
is coarse, and light to brownish in color. The gas is usually present 
in the upper part of the sand. 

The Burgess sand is the most important gas sand of the pool. 
It lies a short distance above the Mississippi lime and about 150 
feet below the Bartlesville sand. The sand seems to be persistent 
throughout most of the pool. 

The Dewey-Bartleaville pool was one of the first developed in 
Oklahoma and has been a great producer ever since. It is now 
undoubtedly past its prime, but the intensive development of the 
pool and the working of the shallow sands will undoubtedly pro- 
long the life of the pool for years to come. 

The gas wells of this pool occur principally in the vicinity 
of Bartlesville and in a belt extending to the east and connecting 
with the Hogshooter pool. There are also several gassers in a 
belt extending north and south through Dewey.. The initial ca- 
pacity of several wells in this and the Hogshooter pool was de* 
termined as 15,850,000 cubic feet per day and the average pres- 
sure as 464 pounds. In September, 1911, the average pres- 
sure was 219 pounds and the average capacity was 9,283,000 cubic 
feet. The wells were drawn on for practically their full capacity 
and in view of this fact have held up remarkably well. Many of 
them, however, are now very small producers or have been aban- 
doned. 

The well record and the initial production of the wells in the 
years for which statistics are available are shown in the following 
tables, in which the Dewey and Bartlesville pools are considered 
separately. 



WELL RECORD OF THE BARTLESVILLE POOL. 



—Wells Completed— 



—Production— 



n'ELL RECORD OP THE DEWET FOOL. 
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For 1915 the statistics of the Dewey and Bartlesville pools are 
included with the others of Washington county. 

Squirrel pool — The Squirrel pool or Squirrel sand development 
centers about six miles east and two miles north of Bartlesville. The 
area usually included under this name includes sees. 35 and 36 of T. 
27 N., E. 13 E.; sees. 1, 2 and 12 of T. 26 N., R. 13 E., and sees, 6 
and 7 of T. 26 N., R. 14 E. The pool takes its name from the 
Linnie Squirrel farm in the NW. 14 sec. 7, T. 26 N., R. 14 E. 

The Squirrel sand lies below the Fort Scott limestone. It is 
about twenty feet thick and the lower portion usually contains water. 
Several wells in the Squirrel sand occur in other portions of Wash-' 
ington county, but not in sufficient number in one locality to con- 
stitute a Squirrel pool. 

Hogshooter pool — The Hogshooter pool includes a strip on both 
sides of Hogshooter creek in the southeastern part of Washington 
county. The pool is about 12 miles long from north to south and 
from a fraction of a mile to about 4 miles in width. Only the 
northwestern part of the pool is oil producing, the larger portion 
of the pool constituting one of the greatest gas fields in the state. 
The pool is practically continuous with the Dewey-Bartlesville pool 
on the north and the general conditions are the same as for that 
pool and the Copan pool. 

There are several productive sands. The highest is about 40 
feet below the Big Lime and is about 40 feet thick. The Bixler 
sand is just below the Oswego lime and varies from 5 to 50 feet 
in thickness. Neither of these sands has proven of much impor- 
tance, although some oil has been obtained from both. The Peru 
(?) sand is about 200 feet below the top of the' Fort Scott (Oswego) 
lime. The thickness shown in the logs is usually 30 to 40 feet, al- 
though as little as 10 feet is shown in some logs. The Bartlesville 
said lies about 200 feet below the Peru sand or about 400 feet be- 
low the Oswego lime. As in the other pools of the district this is 
the most important sand. The thickness is usually shown as 30 
feet, but there is much variation in the logs. The Mississippi sand 
is reached by only a few of the wells. It produces principally gas. 

The condition of the gas field has already been considered in 
connection with the Bartlesville field. Several of the larger gas 
companies ran lines into the field and the wells failed rather rap- 
idly under the demands made upon them. The gas was piped to 
Bartlesville, Dewey and Miami, Okla., for use in the smelters, cement 
plant and mining camp, and to the principal cities in southeastern 
Kansas and to Joplin, St. Joseph, and Kansas City, Mo. Although 
greatly depleted the field is still (1918) an important gas producer. 

liie well record and the initial production of the oil wells of the 
pool are shown in the following table: 



r>' Google 



Oil and Gas in the Mid-Continent Fields. 



OF THE HOCRI 


lOOTEH POOL. 




-W 


ell> Ccmpleled 


— Produetlon— 
— faltlml 


Oil ( 


Ua Dry Total 
i< 12 1.1- 


ToUl Atfe. 



For 1913 and 1914, the statistics of the Hogshooter pool are 
combined in those of the Bartlesville pool. 

Vera pool — The Vera oil and gas pool is the most recent 
development of note in the Bartlesville district, having had its 
principal development in 1915 and 1916. It is located in the ex- 
treme southeastern part of Washington county, with the principal 
productions in the sections around the corner of Tps, 22 and 23 N, 
Rs, 13 and 14 E. The production is both oil and gas. The oil wells 
had initial productions ranging from a few barrels to 350 barrel? 
per day and the gas wells from 2,000,000 to 18.000,000 cubic feet. 
The daily production late in 1916 was estimated at 500 barrels. The 
geologic conditions and sands are quite similar to those of the Hog- 
shooter pool. 

As compared with the Nowata or Cherokee Shallow Sand dis- 
trict, the Bartlesville or Cherokee Deep Sand district was developed 
somewhat later. The territory is still showing occasional wells of 
200 or 300 barrels initial capacity but the majority are small pump- 
ers. The territory has been so well tested that there is little or no 
possibility of any large pools being opened. However, in the early 
drilling, a dry hole was thought to condemn a larger territory than 
has proven to be tihe case and some good producers have been 
drilled in territory originally thought to be dry. 

For the purpose of showing the development of the whole dis- 
trict, the well record of the Cherokee Deep Sand district is given 
for the past several years. This district includes the pools described 
under the Tulsa and Bartlesville districts as considered in this bonk. 
For 1918 a small part of the production of the Sapulpa district is 
included. 

WELL BECDRD OF CHEROKEE DEEP SAND DISTRICT. 
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TULSA DISTRICT. 

The Tulsa district includes the portion of Tulsa county north 
and east of Arkansas river and a small area in western Rogers 
county southeast of Collinsville. By far the greater part of the 
development is included in a district about 5 miles wide extending 
from Skiatook on the north to Tulsa on the south, a distance of 
about 13 miles. This district is usually divided into separate pools, 
the Skiatook, Bird creek, Turley and Flat Rock, but, since the con- 
ditions are so similar in all of them, these pools are considered to- 
gether as the Bird Creek-Flat Rock pool in this book. Besides the 
Bird Creek-Flat Rock pool the other important pool of the district 
is the Collinsville-Owasso gas pool which lies in Tulsa and Rogers 
counties, southwest of Collinsville and northeast of Owasso. There 
are also a considerable number of gas wells in a belt extending 
southwest from Dawson to the east, of Tusla and in another belt 
extending west from Tulsa to Sand Springs. The producing areas 
are shown in fig. 72. 

Bird Creek-Flat , , WASMmTQN . ..fifiyA'TV 

Rock pool — The Bird ^ 

Creek-Flat Rock pool 
lies between Tulsa 
and Skiatook. Bird 
creek flows from 
north to south through 
the pool and gives it 
its name. The north 
end of the pool is oft- 
en known as the Skia- 
took pool and the 
south part is known 
as the Flat Rock pool 
from the development 
along the creek of 
that name. The de- 
velopment in a north- 
east-southwest belt 
passing through the 
village of Turley is 
sometimes d i s t i n - 
guished as the Turley 
pool. The geologic 
conditions are prac- 
tically the same as 
for the pools of the 
Nowata and Bartles- 
ville , districts. The 
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welU are started very near the horizon of the limestone which has 
usually been called the Lenapah, but which has been found to be 
about 100 feet hi^er in the section than that limestone. The wells 
are thus started at the same horizon as those of the Red Fork and 
Glenn pools in the Sapulpa district to the south and a little lower 
than those of the Dewey-Bartleaville pools in the Bartlesville dis- 
trict to the north. The productive sands are encountered at a depth 
of about 1,000 to 1,200 feet. The productive sands are about the 
same as in the Dewey-Bartlesvilie pool. The Bartlesville sand is 
the principal producer and is found at a depth of very nearly 1,200 
feet. 

The Bird-Creek-Plat Rock pool was one of the earlier develop- 
ments in the Cherokee Nation and has been productive of many 
large wells. The limits of the separate pools comprising the large 
pool have been well defined for some time and the development has 
been intensive rather than extensive. 

The well record and initial production of the wells of this pool 
in the years for which statistics are available are as follows : 

WELL BICOKD OJ THB BIKD CREEK-FLAT BOCK POOL. 
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ColUnsviUe pool — The CoIlinsviUe pool lies to the east of Bird 
Creek pool, in the north-central part of T. 21 N., R. 14 E. There is 
some development of gas near Owaaso in the southwestern part of 
the same township. The general conditions are the same as for 
the former poo) except that the wells start in the section a short 
distance above the Big Lime or Oolagah formation. Some oil is 
found, but the pool is far more important as a gas than as an 
oil producer. 

The gas wells are of large capacity, but usually not so large as 
those of the Hogshooter pool. A good share of the product is util- 
ized by the large zinc smelters recently erected at ColUnsville and 
by the brick plant there. 

Since 1911, the published statistics of the United States Geolo- 
gical Survey combine the well records of the Bartlesville and Tulsa 
districts as the Cherokee Deep-sand district. This table has been 
given in connection with the Bartlesville district. 

SAPULPA DISTRICT. 

The Sapulpa district includes the Glenn pool and some smaller 
outlying pools near Jenks, Red Fork, Taneha, Kelleyville. Mounds, 
Leonard and Bixby. The conditions throughout the pool are very 
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similar and a discuasion of the Glenn pool applies to the smaller 
pools so far as the number, thickness and character of sands is 
concerned. The producing areas, except the Leonard, Broken Ar- 
row and Bristow pools are shown in fig. 73. 

The Glenn pool — The Glenn pool is one of the greatest oil pro- 
ducing areas in the world. It was opened by a well drilled by Gal- 
breath and Colcord in the summer of 1906. Development was very 
rapid and the pool soon became a phenomenal producer. The older 
-wells of the pool have decreased greatly in production, but the pool 




Fig. 73.— Map showing prodacing areas in the SapQliHi district 
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has been extended and the total production is still very srreat, al- 
though it haa receded considerably from its maximum and the pool 
is undoubtedly past its prime. 

The pool lies to the east of Sapulpa. It has a width of about 4 
miles and a length of about 8 miles. The greater part of the pool 
lies in the eastern parts of Tps. 17 and 18 N., R. 12 E.. 

The wells of the pool are started at or near the horizon of the 
Checkerboard limestone, which outcrops through the pool so that 
the wells in the eastern portion are started below the limestone and 
those in the western portion as much as 100 feet above the limestone. 

Several sands are encountered in the wells of the Glenn pool 
and different ones of these are productive, in different parts of the 
pool and in the outlying pools. The principal sands and their depths 
below the checkerboard limestone are as follows : 

(1) Two shallow sands lie above the main producing sands. 
One of these ia found at a depth of about 800 to 850 feet below 
the surface and the other about 100 feet lower. Both of these sands 
show some oil and gaa locally, but are not important producers. 

(2) The Red Fork sand is recorded at depths of from 1,275 
to 1,400 feet. The thickness varies from 10 to 30 feet. This 
sand is an important producer, although it falls far short of the 
Glenn sand in this respect. 

(3) The Glenn said is the great producer of both oil and gas. 
It is reported at depths of from 1,400 to 1,550 feet with majority 
of the logs showing its upper surface between 1,450 and 1,500 feet. 
The thickness as shown in the logs varies greatly in short distances, 
the extremes noted being 10 to 124 feet. Much of this apparent 
variation is due to the fact that many of the wells stopped before 
reaching the bottom of the sands, although there is almost certainly 
considerable variation in the thickness. The gas is usually found in 
the upper portion of the sand and the oil lower down. A strong flow 
of salt water is often encountered at the bottom of the sand. This 
sand ia correlated with the Bartlesville sand of the pools farther 
north by many of the drillers. 

(4) A few logs show a sand which is called only the stray 
sand at a depth of about 1,650 feet. The thickness ia recorded as 
35 to 40 feet. 

(5) The Taneha (Squaw) sand is encountered at about 1,750 
feet. The thickness varies from 10 to 50 feet. 

(6) The Rhodes or Dutcher said lies about 100 feet below the 
Squaw sand. 

(7) The Sapulpa or Mounds sand is shown in the logs of some 
of the deeper wells. The depth is about 2,350 feet and the thickness 
10 to 40 feet. 

, The structure of the Glenn pool is very gentle. The surface 
shows only a terracing while the sub-surface structure as determined 
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on top of the Fort Scott limestone show only anticlines or "noses" 
plun^ng to the west or northwest and without closure to the east.'* 

It is probable that much of the accumulation is due to varia- 
tions in the thickness and texture of the sands. The variation in 
the thickness of the Glenn sand in particular is extreme and Hutch- 
inson (Bull. Okla. Geol, Survey No. 2) states that a series of care- 
fully kept logs extending across the pool shows that the sand thins 
rather rapidly in both directions from the middle of the pool. This 
sort of a body of sand would give the arched effect of an anticline 
without revealing itself at the surface. (See fig. 9.) 

The average initial production of the Glenn pool cannot be given 
accurately for the years previous to 1909, since the statistics are 
combined for the whole Creek Nation. The average of the Glenn 
pool was undoubtedly higher than that of the whole Creek Nation, 
which was 383.2 barrels in 1906, 277.9 barrels in 1907, and 146.1 
barrels in 1908. The average initial production of the pool proper 
in 1909 was 78 barrels, and in 1910 was 62.6 barrels. 

The well record for the Sapulpa district, including the Glenn, 
Mounds, Red Fork, Sapulpa, and Taneha pools, and the develop- 
ment near Tulsa, since 1909, is given in the following table. Dur- 
ing these years the Taneha pool, the northern extension of the 
<ilenn, has been the most active and has furnished over three- 
fourths of the development. 

WELL RECORD OP SAPULPA DISTRICT, ttOS-IfilS. 

Weill Completed Initial Production 
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The total production of the Glenn pool by months from its 
.opening to the end of 1916 is shown in the following table : 



TABLE SBOWINU TBE PRODUCTION OF THE GLENN POOL BY MONTHB 



Fel>ruiii7 . 

March 

April 



July IfiiiMl 1,»M.1J4 

Autust __. 1 M3 so; i,7:ci.aiB 

September i.SOB.iflj l,fl3»,2oS 

October t.**lMt l.B3!.»33 

'Smith, C. D. Th« cileiin oil and Rhs iinol aud i 
(ipiil. Survey No. 541. i>p. 42M. ini4.) 



r>' Google 



Oil and Gas in the Mid-Continent Fields. 



DMsnibec 

TolBl ___ 

MoDlh 


1.«S.1I7 












lUy 


»2M9i 








— :»t»59 


^^^l - 


— T6B.25* 


Tot«l 10.485,518 



..*MiU 


1.538,341 


1,488,118 


l«1.51» 


,»i.esB 


l.S>3,3M 


3«5,411 


810.188- 


<,4«4.313 


18,B4S,740 


18,S1S.BI* 


13.330.113 












838,183 






718,830 


708,808 


4il,8Ja 


fll4,3»fr 


so; .OS! 




430.540 


















05-.3g» 


S1S,IS» 


352.801 


403,221 


850.581 


787.2T4 


sis.aso 


.1SS iii 










538,107 



Smaller pools in the vicinity of Glenn pool — The development 
near Red Fork in T. 19 N, R. 13 E., and that near Jenks in T. 18 N., 
R. 13 E., is similar in every way to the Glenn pool, with which they 
are practically continuous, and may be considered as belonging tO' 
that pool. 

Sand Springs pool — This development is principally of gas. It 
is located in the central T. 19 N., R. 11 E. There are a few oil.wella 
in this township but the oil production is not important. 

Leonard pool — A small pool is located about one mile south of 
Leonard in Sec. 33, T. 17 N., R. 14 E. The pool had some fairly large 
wells, one being reported at 1,200 barrels. The most active devel- 
opment was in 1916 and 1917. The pool proved to be spotted, and 
of small area. 

Bixby pool — ^There is considerable development in Tps. 16 and 
17 N., R. 13 E., in the vicinity of Bixby. The principal pool and the 
one ordinarily known as the Bixby pool is the northeastern part of 
T. 16 N., R. 13 E. Oil wells having as high as 700 barrels have been 
reported. The production varies from 1,600 to 2,100 feet in depth. 
The territory is spotted and there are many dry holes which separ- 
ate the area into several small producing areas. 

Broken Arrow pool — A long narrow strip of oil production ex- 
tends from the E. 1/2 sec. 22, T. 18N. R. 15 E., southeastward to 
sec. 8, T. 17 N., R. 15 E., a distance of about 5 miles. The pool aver- 
ages about 1 mile in width, but through most of its length is nar- 
rower than that. The initial production is small, not averaging 
more than 50 or 60 barrels per day. The production comes from 
a depth of about 1,300 feet. 

Bristow pool — In the vicinity of Bristow and Kelleyville, south- 
west of Sapulpa there is some scattering development which may 
be called the Bristow pool. Most of this development is in the north- 
central part of T. 15 N., R. 9 E., where there are several gas wells 
of capacities ranging from 2,000,000 to 5,000,000 feet per day and 
a few small oil wells. 
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Two small pools are located near Kelleyville, one lying princi- 
pally in sec. 2, T. 16 N., R. 10 E., and one in sec. 5, T. 16 N. R. 11 E. 

OKMULGEE DISTEICT. 

(By c. Mm Bauer, Conaultlng Geologlai, OkmuUee, Ok!a.) 

Location and Area — The Okmulgee district is located in east- 
central Oklahoma and lies largely in Okmulgee county. The city of 
Okmulgee lies near the center of this district. The area comprised 
in this field is about 30 miles north and south and 30 miles east 
and west, or about 900 square miles, including ranges 10 to 15 east 
and townships 11 to 16 north. The district contains more than 
40 distinct pools, which produce oil and gas. The principal pro- 
ducing areas are shown in fig. 74, but the production is so scattered 
that it is impossible to include all of it, without lining in the whole 
county. 

Historical geology— The stratified rocks exposed in the Okmul- 
gee district belong to the lower part of the Pennsylvanian system 
and include from the lowest exposed rocks to the highest, the Wins- 
low formation, the Senora formation, the Calvin sandstone, the 
Wetumka shale, the Wewoka formation, the Holdenville shale, the 
Seminole conglomerate, the Checkerboard limestone, and overlying 
shales and sandstones of the Tulsa group. 

The Checkerboard limestone is perhaps the most distinct strati- 
graphic marker in this district. It is known in the city of Tulsa 
and its outcrop con be traced southward through Jenks, Glenn Pool 
and Mounds to the southwest quarter of sec. 17, T, 14 N,, R. 11 E. 
It is also found outcropping south of Okfuskee postofiice in T. 
13 N., R. 10 E. The character of the other formations will be de- 
scribed more fully under the subject of stratigraphy. It will be 
sufficient to state here that they represent for the most part shal- 
low water deposition in a basin connected with the sea, subject to 
rapid currents and sudden changes in the location of the currents 
carrying the sediment, with the exception of the epochs represented 
by the Henryetta coalbed and the Grave Creek coalbed. 

Fossils are abundant at several horizons, particularly just 
above the Henryetta coal in the Senora formation, in the shale beds 
of the Wewoka formation, in the limy shales of the Holdenville 
group and in the Checkerboard limestone. The fossils of the 
Checkerboard limestone are not easily obtained as they are im- 
bedded in the hard rock, although they seem to be well preserved. 

Stratigraphy — As stated above, the series of sedimentary rocks 
outcropping in this district is composed almost entirely of shale 
and sandstone. A careful study of this series reveals the fact that 
few of the beds extend more than a few miles along their strike. 
This may be due to the small size of the basins in which they were 
deposited, or to the rapidly shifting currents of the depositional 
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baain, or to the shapes of the basins and the orientation of their 
short axes with the strike of the beds, i. e., it seems likely that 
the sandstone lenses are elongated parallel with the ancient shore* 
lines, which elongation now happens to run at right angles to the 
present strike. Thus the outcrops of the beds exposed are only 
cross sections parallel to their short axes. This latter explanation 
seems to fit the conditions in most cases, and because of these condi- 
tions, measured sections in one part of the field will not correspond 
to measured sections in another part of the field, and indeed they 




Fig. 74.— Hap showing prodacing areas in the Okmulgee district. 
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can be used only locally for correlation purposes. There are, how- 
ever, a few beds which can be traced for long distances along their 
outcrops. Three such beds, known as key rocks, are the Checker- 
board limestone, a prominent sandstone in the middle part of the 
Wewoka formation, and the basal Wewoka sandstone. The Semi- 
nole conglomerate is another such bed but it cannot be traced north- 
ward farther than the vicinity of Beggs. 

An accurate description of each of the various formations as 
named by J. A. Taff in the Coalgate folio of the U. S. Geological 
Survey is difficult owing to the fact that the top and bottom of these 
formations are not well defined and the formations are so much alike 
or grade northward into groups which are so similar that there is 
not sufficient reason for dividing them, i. e., on the whole, each for- 
mation is a group of sandstone and shale beds which, if taken over 
their entire extent, are very similar in their characteristics. How- 
ever, the formations such as the Senora, Calvin, Wetumka, Wewoka, 
Holdenville, Seminole and the Checkerboard limestone are described 
below for the Okmulgee district. 

The Senora formation outcrops in a northeast-southwest belt 
running through Henryetta, east of Shulter, through Morris, through 
T. 14 N., R. 14 E., and lies at the foot of Bald Hill. In the south- 
em part of this district it is a series of sandstones and shales con- 
taining one workable bed of coal and several coal beds too thin to 
be worked at the present time. To the northeast, the sandstones 
grade into sandy shale and the shale and only one bed of coal is 
known to be present. The thickness of this formation is about 250 
feet in the southern part of the area and diminishes to about 50 
feet or less in T. 15 N., R. 15 E., and vicinity. 

The Calvin formation is composed almost entirely of sandstone 
in the southern part of the district but from the center of T. 11 N., 
R. 12 E., northward it becomes more and more shaly and in the vicin- 
ity of Okmulgee it changes entirely to shale or is cut out by over- 
lap of the Wetumka so that from a point about three miles north- 
east of the town of Okmulgee northeastward it contains no sand- 
stone and indeed it seems probable that there is no Calvin present. 
Its maximum thickness is about 150 feet. 

The Wetumka formation is essentially a shale formation and it 
maintains a thickness of about 120 feet from the southwestern part 
of the district to the vincinty of sec. 16, T. 14 N., R. 13 E. From this 
point northeastward it thins considerably. Its exact thickness 
northeast of the vicinity just mentioned cannot be determined as 
the formations below it are shale and have the same characteristics 
as the Wetumka. However, in T. 16 N., R. 15 E., less than 80 feet of 
shale occurs between the Winslow and Wewoka formations and is 
doubtless the representative of the Wetumka shale. It also con- 
tains many short lenses of sandstone. 
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The Weivoka formation is approximately 450 feet thick through- 
out this district. It is composed of thick massive and cross-bedded 
sandstones, interhedded with shale and sandy shale in alternating 
strata of about the same thickness. Its basal bed, as near as can 
be determined, extends for at least 15 miles along its outcrop, al- 
though it is a thin sandstone having a maximum thickness of about 
6 feet. Another sandstone in the middle part of the Wewoka has 
been traced continuously more than 30 miles. This bed outcrops 
from the southeast corner of T. 11 N., R. 11 E., to the southeast cor- 
ner of T. 15 N., R. 13 E., and very probably lies on top of Conjada 
mountain at Arkansas river. The upper portion of the Wewoka 
formation contains many cross-bedded sandstones which are very 
difficult to trace and, where they can be traced, they are so irregular - 
that structural data based on them is of little value. 

The HoldenviUe formation, like the Wetumka, contains many 
thin sandstones, although it is predominately a shale formation. In 
the vicinity of Beggs, the HoldenviUe contains some thin limestone 
members. At least two of these have been noted but owing to the 
fact that they are only a few inches thick they cannot be traced 
continuously. The upper part of the HoldenviUe as mapped by Taff 
in the Coalgate quadrangle has not geen traced through to the Ok- 
mulgee district and hence the thickness of this formation is not yet 
established in this area.. 

Overlying the HoldenviUe is a conglomerate which, in the opin- 
ion of the writer, will correlate with the Seminole conglomerate of 
sec. 17, T. 6 N., R. 8 E., as mapped by Taff. This formation has been 
mapped in reconnaisance from the extreme southwest corner of T. 13 
N., R. 11 E., to a point in sec. 24, T. 15 N., R. 11 E., about two miles 
northwest of Beggs. The pebbles in this conglomerate are composed 
almost entirely of light-colored chert. In the western part of T. 13 N, 
R. 11 E,, these pebbles have an average size of about one-eighth inch 
in diameter. To the northeastward the size of these pebbles di- 
minishes to the size of sand grains in the vicinity of Beggs. Beyond 
this point the' bed has not been distinguished from other sand- 
stones in its immediate section. Its thickness is from 15 to 25 feet. 
This estimate includes the sandstone with which it is associated, the 
conglomeratic portion of the bed being often much thinner. The 
conglomeratic portions are in some places at the base, in others at the 
top, and in still other places the conglomeratic portions or lenses 
are within the sandstone. For this reason, it is very difficult if 
not impossible to map the top of this bed and obtain results that are 
valuable structurally except in a very general way. 

Above the Seminole conglomerate in this district is a shale that 
averages from 100 to 120 feet in thickness. This shale is in turn 
overlain by the Checkerboard limestone. This limestone is re- 
markable for its persistent characteristics such as its thickness. 
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color, resistance to weather, peculiar fossil markings, jointing, etc. 
It was mapped in detail along its outcrop from the north side of 
T. 16 N., R. 12 E., to the southwest corner of T. 14 N., R. 11 E., or a 
distance of about 20 miles. It is a hard blue limestone averaging 
4 feet in thickness and contains peculiar semi-circular markings 
caused by the presence of fossil brachiopods. Its weathered surface 
is usually a light cream color or a very light yellow. On weathering 
it breaks into blocks which are nearly cubical and are about four 
feet on each side. It outcrops usually in stream beds and very 
seldom on hills or ridges. This limestone is reported to outcrop 
near the town of Glenpool and also at the crossing of the Frisco 
and Midland Valley tracks in Tulsa. A shale belonging to the 
Tulsa group overlies the Checkerboard limestone and is in turn 
overlain by the sandstones of the Sapulpa group. 

Structure : Structural features as revealed at the surface in the 
area west and northwest of the outcrop of the Calvin sandstone bear 
only a slight resemblance to the structures which are revealed by 
subsurface studies. Their significance, however, is important. 
East of the outcrop of Calvin sandstone the structure of the ex- 
posed rocks is believed to correspond more nearly to the structure 
of the producing sands. 

There is a general thinning of the formations to the north and 
northwest, as well as considerable evidence of one or more over- 
laps In the formations in the lower part of the section here de- 
scribed. The highest overlap has been noted at the base of the 
Wetumka shale in T. 16 N., R. 15 E., where this shale is not over 
80 feet thick and rests on the Winslow formation. Farther south, 
in T. 15 N., R. 15 E., shales and sandy shales appear which belong to 
the Calvin and Senora formations. And still farther to the south 
and southeast the Stuart shale, Thurman sandstone and Boggy 
shale appear in turn between the Calvin sandstone and the Wins- 
low formation. The strike of the Winslow is northwest-southeast 
whereas the strike of the Calvin is northeast-southwest. Well logs 
not only indicate a gradual thickening of known strata toward the 
southeast but also seem to show the sudden appearance of new strata 
which are not strictly parallel to the beds higher in the section. For 
these reasons it seems probable that several overlaps may be pres- 
ent. 

The major feature of the structure in the western part of 
the Okmulgee district is that of a northwestward dipping mono- 
cline with only slight variations from normal. The average dip of 
the strata towards the northwest is about 90 feet per mile or 1 
degree. In places, this dip is as great as 150 feet to the mile and 
in other places it is as low as 50 feet to the mile. East and south- 
east of the outcrop of the Calvin sandstone the average dip is much 
less than it is to the west and northwest. In the eastern district, 



r>' Google 



198 Oil and Gas in the Mi^^ontinent Fields. 

the structure of the producing sands is more nearly parallel to that 
of the structure of the surface beds. The variation in structure 
between the surface beds and the producing sands in the western 
part of Okmulgee county is due partly to the thickening of the beds 
to the southeast, but is also due to the fact that the deeper strata 
were folded slightly before the younger beds were deposited. In 
other words, the folding was going on while the sediments were 
being deposited, or at intervals during the early Pennsylvanian pe- 
riod. Structural data baaed on producing sands show that anticlines, 
domes, aynclines and basins exist at depth where the surface indi- 
cates only minor variations in dip. jfany of the pools show the 
presence of faulting in the beds at a depth of 1,000 feet or more 
which is not discernible at the surface. So far, the faulting of sur- 
face rocks observed is of minor consequence. Faults, in the produc- 
ing sands, with a throw of 10 to 100 feet are known in at least a 
dozen pools. These faults generally run in a southeast-northwest 
direction. The study of the sub-surface structures is very impor- 
tant in the guiding of drilling and production operations. 

Producing pools — As stated previously, there are more than 40 
producing oil and gas pools in the Okmulgee district. Many of these 
are well defined, others are not developed sufficiently or are so ir- 
regular in outline as not to be easily defined. Morris and Bald Hill 
were the first to be developed, the Booch sand pool of the Morris 
field having been discovered in 1904 and developed early in 1905. 
Bald Hill followed in 1906. Many of the early wells in this part of 
the county came in at 1,000 and 1,500 barrels. Recent completions, 
however, are rarely over 100 barrels daily production. Three or 
four sands are the principal producers in this part of the county. 
They are the Salt sand at about 800 feet, the Booch sand at 1,200 
the Morris at 1,600, and the Leidicker at 1,800. Other deeper and 
intermediate sands have been productive locally. 

Recent development has been most active in the western part 
of the district in Ranges 11 and 12 east. Here the Youngstown 
pool in sees. 25 and 36, T. 14 N., R. 11 E., the Thousand Acre Lake 
pool in Bees. 23 and 26, T. 13 N., R. 12 E., and the Wilcox pool in 
sees. 35 and 36, T. 15 N,, R. 11 E., have attracted wide attention and 
are producing large quantities of oil. Several new sands have been 
discovered in this district, among them a sand at 2,900 feet which 
is doubtless in the Fayetteville shale of the Mississippian system. 
There are five principal producing sands in the western part of the 
country. In the Youngstown field they lie at 1,750, 1,900, 2,300, 2,500 
and 2,800 feet in depth. Many of tiie wells are coming in at 1,000 
barrels daily production. The condition of development of the 
Youngstown and Thousand Acre Lake pools on March 15, 1919, 
are shown in figs. 75 and 76. 
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The following table gives the principal pools, their location, the 
year of first development, and the names and approximate depths 
of the principal sands in each pool. 

Production of the Olemvlgee district — The Okmulgee district 
has averaged over 10,000 barrels daily for many years. In the 
last two years it has gradually incre-ased its production and in th^ 
month of February, 1919, the average daily production amounted 
to over 18,000 barrels. This was divided among the various pools 
as follows : 
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The followiofi: table sives the well record for the Okmulgee 
district from 1911 to 1916 inclusive, as nearly as it can be com- 
piled from the United States Geological Surrey reports. 

WELL BECOKD 
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HUSKOGES DlfflRICT. 

The Muskogee district, as considered here, includes Muskogee 
and Wagoner counties, and the extreme southeastern part of Rogers 
county. The following pools may be distinguished: Muskogee, 
Wainwright, Boynton, Cole, Haskell, Inola, Coweta and Stone Bluff. 
There has been considerable drilling over the territory and several 
wells outside the pools mentioned above have shown some oil and 
gas but have led to no important developments. 

The geology of this district varies somewhat from that of the 
fields to the northwest. The wells start below the horizon of the 
Fort Scott (Oswego) limestone and penetrate the shales and sand- 
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Fig. 77. — Map ahowlag prodadng areas In tbe Mnakogee district. 
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stones of the Winslow formation. There Is a strong possibility 
that some of the production is from below the Pennsylvanian but 
the underground geology of the area is very uncertain. 

Muskogee pool — The Muskogee pool extends southwest from the 
city, between the M., O. & 6. and M., K. & T railways, for a distance 
of about six. miles. The wells in the northeastern part of the pool, 
near the townsite, reach the productive aand at a depth of between 
1,000 and 1,100 feet. The occurrences in the southv.'estern part of 
the pool are very erratic, some wells being over 1,000 ieet deep and 
others striking good pay at considerably less depth. In any case, 
however, the wells extend beyond the depth which should carry 
them through the Pennsylvanian rocks according to' the thickness 
given by Taff in the Muskogee folio and should penetrate the Mi3> 
sissippi lime. The logs do not indicate that this is true, as all the 
rocks encountered in the lower parts of the wells are sandstones and 
shales. It is probable that the actual thickness of the Winslow is 
greater in this region than the thickness obtained by Taff by meas- 
uring across the outcrop. 

The development of the pool began on the townsite in 1904 and 
a small pool was outlined. This pool, known as the townsite pool, 
was soon exhausted and tiie wells abandoned. The development to 
the southwest began in 1906 and has been fairly constant ever since. 
The field is very spotted and the percentage of dry wells is rather 
high. There are also many gas wells irregularly distributed through 
the field. The well record of the pool from 1909 to 1913 is as fol- 
lows : 

WELL KXCOBD 09 HV8K00BB POOL. 
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Since 1913 the statistics for all the pools in this district, except 
Inola, have been combined by the United States Geological Survey. 
These statistics are given at the end of the discussion of the dis- 
trict. 

Wadntvr^/kt pool — ^The development near Wainwright consists 
principally of gas wells of moderate capacity with a few small oil 
wells. The pool is of little importance. 

Boynton pool — ^The Boynton pool is located about four miles 
northeast of Boynton in sees. 15, 16, 21, 22 and 28, T. 14 N., R. 16 E. 
Development was begun in Hay, 1914, and by January, 1916 there 
were 13 producing oil wells, 4 gas wells and 3 limiting dry holes. 
Production is found at depths of 1,350 to 1,640 feet with the best 
pay between 1,510-1,545 feet. The earlier wells were fairly small 
producers, 12 to 150 barrels initial production, but more recently 
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much lare:er wells have been had. One brought in in September 
1915, was credited with an initial production of 1,800 barrels. The 
structure of the pool is said to be anticlinal with a pronounced nar- 
rowing or pinching to the northeast, practically forming a dome. 
The greatest production is from the narrowed, northeast portion of 
the structure. The limits of the pool are well defined. The pro- 
duction reached 8,000 barrels per day but had declined to 5,500 by~ 
the beginning of 1916. 

The Cole or northwest Boynton ■pool — This pool is located about 
six miles west of the one just described, with best wells in sec. 
11, T. 14 N., R. 15 E. The producing sand is found at about l,6ia 
feet. The initial production was as high as 300 barrels daily per 
well. 

HaekeU pool— This pool may be regarded as an extension of 
the Bald Hill pool to the southwest in Okmulgee county. The Haskell 
development lies in T. 16 N., R. 15 E. Four sands ranging in depth 
from 800 to 1,960 feet are productive of oil or gas or both. The oil 
wells are of moderate initial production, most of them being about 
100 barrels. Gas wells of up to 25,000,000 cubic feet daily capacity- 
were found. The field has shown little of interest in the past year 
or two. 

Inola pool— The Inola pool is situated in sees. 3, 4, 9 and 10,, 
T. 19 N., R. 19 E., in southeastern Rogers county. The pool was. 
opened in 1913, was developed very rapidly and reached its maxi- 
mum production early in 1914. By Apri.l of that year it had de- 
clined to a daily production of about 2,000 barrels. The pool had 
unusually large producers, for shallow wells, up to 1,100 barrels: 
daily initial production being reported. The greater part of the' 
production came from depths of 600 feet or less. There has- 
been no development of particular interest in the past two or three 
years. 

Coweta pool — Considerable attention has been attracted from: 
time to time by the bringing in of moderate sized wells near Coweta. 
in western Wagoner county and near Broken Arrow to the west in; 
Tulsa county. The area has proven to be very spotted and the- 
pools have not achieved much importance. Several sands from 600" 
to 1,360 feet were encountered. The wells were small, most of them 
having less than 100 barrels initial production. The Coweta de- 
velopment in principally in T. 17 N., Rs. 15 and 16 E. 

Wagoner pool — This development consists of several smalt 
pumpers in T. 18 N., R. 18 E,, about 6 miles northwest of Wagoner. 
The wells start only a few hundred feet above the Mississippi lime 
and the production is at the very base of the Pennsylvanian or 
possibly in the Mississippian. 

Stone Bluff pool— This pool is located near the Midland Valley- 
railroad about half way between Muskogee and Tulsa. Most of ther 
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production is from sec. 5, T. 16, R. 15 E, The field was opened late 
in 1915 ; by January 1, 1916, had 5 producing wells ; and by Febru- 
ary 1, 9 producing wells with a daily production of between 5,000 
and 6,000 barrels, and by March 1, the production had increased 
to about 12,000 barrels per day, and a few days later to 13,000 
barrels. The field was quickly defined and its area was very small. 
The production had declined to 7,500 barrels by April 1, 1916, and 
has continued to decline since that time. 

The well record for the Muskogee district since 1913, not includ- 
ing the Inola pool, is as follows : 

WELL RECOBD Or HDSKOCKB DISTRICt. 
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PAWNEE COUNTY DISTEICT. 



The development in Pawnee County is in the extreme northeast 
part near Cleveland, and is known as the Cleveland field or pool. 
The development of this pool began rather early in the history of 
the oil industry of the state and, with some halts, has continued 
until the present. The early development was in the town of 
Cleveland and the immediate vicinity and the more recent has been 
to the south and southeast of the town. The developments farthest 
south and east are known as the Olney and Lauderdale pools. 

The rocks of the region consist of sandstones and shales of the 
upper part of the Pennsylvanian system and the wells are started 
near the horizon of the Elgin sandstone. The production is from 
sands at about the same level as the sands of the pool farther 
north and east and also from sands higher in the section. 

The following description of the pool about the end of 1909 is 
given by Hutchinson in Bulletin No. 2 of the Oklahoma Geological 
Survey : 

The first well drilled wns on the BUI lA)wery farm. Just south of the towu- 
site, nud was known us 'Tncle Bill No. 1." The enterprise wna promoted by 
local capital and resulted In a paying well at 1,615 feet. Development fol- 
lowed rapidly iind almost every town lot wns soon drilled. The city council had 
to pass an ordinance forbidding the drilling at wells on the rear ends of bnsl- 
□ess lots on Mnln street. The principal part of the field Was found south of 
town In sections 16 and 17, although sections, 18. 20 and 29 have also proved 
profitable territory. 

Two sands were discovered, known as the Cleveland sand and Kelso s»nd. 
The Kelso sand,' found on the Kelso farm southwest of Cleveland. Is above the 
Cleveland sand and In early development of the Kelso pool drilling ceased on 
reaching that horizon. Owing to the fact that at the time operations began In 
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OevelaDd p«>ol there was no law fixing the minimum distance at which oil 
weUa ahonld be drilled, deTelopment in this fleld resulted In great waste to op- 
eratore, Wells were often drilled on adjacent town lota, so near each other that 
there was hardly room to bnlld the rigs. In such cases many wells were soon 
exhatuted and casings pulled without having repaid the Initial cost Perhaps 
nearly one-half the wella on the townatte hare already be«i abandoned. 

The limits of the pool have been pretty well defined, tor several years by a 
seriea of dry holes drilled around Its margin. The rock pressare has decreased 
to considerable extent, but the fleld Is still a good steady paying one. 

During the year 1909 there were 21 wells drilled In the Cleveland fl^d only 
one of which was dry and but two produced gaa. The other eighteen were oil 
wells with an initial production of 1,095 barr^s daily. 

Since 1909 the development haa carried the field farther to the 
southweat. The finding" of deeper productive sands has, however, 
been the principal factor in prolonging the life of the field. The 
productive sands of the pool and their depths from the surface are 
given by Robt. H. Wood in Bulletin 531 B. of the U. S. Geol. Survey 
as follows : 

PBODUaXO OIL 8AND9 IN THE CLEVELAND FIELD. 



The well record of the field is given in the foMowlng table: 

WSLL BECOBD OF FAWNSE COUNTK, UOS-ieiS. 



i»ij isi is; ss t is.tbj b4.« 

1»1* ill 77 17 7 3.B05 BO.T 

IMS 7B ti 28 3 i.sas n.i 

IBM 1»; UO 48 II «,05B 43.3 

IBIT* ass IgO 44 11 iO.TBS IIS.S 

1918* MS ISO 68 7 S.«43 43.4 

*011 and Gas Journal. 

Considerable drilling has been done in Pawnee county outside 
of the Cleveland pool but with only moderate success. Some oil and 
gas have been developed near Hallett and some good gas wells have 
been brought in near Maramec, but these cannot be considered as 
important pools. In 1916 a small oil pool was developed near Jen- 
nings in Sec. 22, T, 20N, but it has failed to develop into anything 
of importance. The entire county has been pretty well tested and 
the probabilities of any important production are small. 
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The producing areas near Cleveland are shown with those of 
Osage county in flg. 78. 



Osage county is located in the north tier of counties and a lit- 
tle east of the center of the state. It extends from T. 20 N., to T. 
29 N., inclusive, and from R. 2 E. to R. 12 E., inclusive. It consists of 
46 entire townships and parts of 35 others. The entire area is .'ip- 
proximately 2,350 square miles, or 1,500,000 acres. The county han 
the same area and limits as the Osage National Reservation. 

The Osage National Reservation was created by Act of Con- 
gress June 15th, 1872. This act states that a tract of country west 
of the 96th meridian, bounded "on the east by the 96th meridian, 
on the south and west by the north line of the Creek country, and 
the main channel of the Arkansas river, and on the north by the 

RSe irte Hit n$€- n$c mac rhc «it> 



Fig. 78— Key map of Osage Connty. 
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south line of Kansas" should be assigned as the permanent homo of 
the Osage Indians. 

The Oklahoma State Constitution expressly stated that the 
reservation should constitute a single county until all the land» were 
allotted, after which the legislature could sub-divide it. As it now 
stands Osage county is the largest civil division in the state. 

History of Mineral Right Leasing. 

An act of Congress, February 28, 1891, provided that certain 
Indian lands could be leased for mining purposes for a period of 
ten years in such quantities and upon such terms and conditions as 
the agent in charge of the Reservation might recommend, sub.iect 
to the approval of the Secretary of the Interior, By virtue of the 
act a lease was executed in 1896 to Edwin B. Foster, covering tlie 
whole of the Osage Reservation, about 1,500,000 acres. The laase 
expressly ran to the grantee and his assignees and recognized 
the right in said grantee to sub-lease any portion thereof. 

The same year the Phoenix Oil Company was formed and took 
over all the interests of Edwin B. Foster. This company imme- 
diately drilled a number of wild cat wells in the southeastern por- 
tion of the Reservation, which were the first producing wells in 
Oklahoma. 

In 1900, the Osage Oil Company was formed, which received an 
assignment of a portion of the lease held by the Phoenix Oil Com- 
pany, being described as "six miles north and south by ten miles 
east and west" lying near the east line of the Reservation, west- 
erly from Bartlesville, Indian Territory. 

In 1902 the Indian Territory Illuminating Oil Company was 
formed and all the leases held by the Phoenix Oil Company and ihe 
Osage Oil Company were transferred to the new company. By the 
end of 1914 the Indian Territory Illuminating Oil Company had 
sub-leased 680,000 acres of the whole Reservation, 

The original lease to Edwin B. Foster would expire in 1906 so 
by Act of Congress March 3, 1905, the leases on the 680,000 acres 
only, or the acreage which had been sub-leased by the Indian Ter- 
ritory Illuminating Oil Company were renewed for a period of ten 
years. The lease on the remainder of the Reservation was per- 
mitted to expire. This action left the Indian Territory Illuminating 
Oil Company with only 2,060 acres, however, this acreage was 
considerably increased later by purchase from sub-lessees. 

By Act of Congress, June 28th, 1906, all the lands belonging to 
the Osage Tribe of Indians were allotted among the members of the 
tribe, giving to each his or her full share. The same act provided 
that all the oil, gas and mineral rights were reserved to the tribe 
as a tribe in their tribal relations for a jwriod of twenty-five years, 
and recognized the existing leases. 
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During the period between the granting of the first lease to 
Edwin B. Foster in 1896 and May 31, 1917, only three leases were 
executed. One of these covered a block of acreage in T. 23 N., R. 8 E., 
on which is located the Hominy (section 8) fleld, a block in Tps. 21 
and 22 N, Rs. 7 and 8 E, on which is located the Boston pool, and a 
block in T. 24 N., R. 9 E. 

On May 31, 1917, was held the first of a series of auction 
sales for the sale of leases. From this date until June 6, 1919, seven 
sales were held, the dates being as follows: May 31, 1917; Nov. 
12, 1917; Feb. 14, 1918; May 18, 1918; Nov. 9, 1918; March 5, 1919, 
and June 6, 1919. At these sales the oil rights on one-hundred and 
sixty-acre tracts were offered to the highest bidder. The tracts 
were well scattered over the portion of the county east of Range 
7, except at the last two sales when a very few tracts west of Range 
8 were sold. The largest of these sales in point of acreage was 
that of May 18, 1918 when 321 tracts were sold, and the largest in 
point of bonus money paid was that of June 6, 1919, when the sale 
amounted to over $5,000,000.00. However, at this sale the gas 
rights on a large tract in the western portion of the county were 
sold. The highest price paid for a single one-hundred and sixty-acre 
tract was $600,000.00 and was paid for the SW. Vi sec. 17, T. 27 N., 
R. 8 E. The highest price paid for gas acreage was $4.00 per acre. 
Up to and including the sale of June 6, 1919, approximately 350,000 
acres out of a total in the county of 1,500,000 acres had been leased 
fcr oil. The entire county is now leased for gas. 

Topography and Drainage. 

The surface of Osage county in a broad sense is that of a level 
plain. However, a well developed drainage system has produced a 
maximum relief of approximately 250 feet. 

The eastern half of the county lies in the Sandstone Hills re- 
gion. The rocks exposed at the surface are practically entirely 
sandstones and shales, with a few limestones. In the western half 
of the county the rocks exposed are practically entirely limestones 
and shales with a few sandstones. Over the entire county the litho- 
logic character and structure of the rocks are very closely reflected 
in the topography of the region. Both the limestone and sandstone 
formations characteristically form well-defined escarpments with 
steep eastern slopes, and in many cases long, gentle dip slopes to 
the west. In a few localities local folding is reflected in the topog- 
raphy giving west facing escarpments and dip slopes to the east. 

Over most of the county erosion is active and gulches and valleys 
are being vigorously excavated. The resultant debris is carried 
away by the streams before it has a chance to accumulate in any 
great quantity, hence the valley aides are comparatively steep, 
however, in a few localities broad shale valleys have developed. 
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The drainage of the county is to the southeast. The extreme 
western and southwestern portion of the county is drained by Ar- 
kansas river and streams tributary to it. The remainder of the 
county is drained by the streams tributary to Verdigris river, the 
principal ones beingr Hominy creek, Bird creek, Sand creek and 
Caney river. 

Geology. 

The rocks exposed at the surface in Osage county are all of 
sedimentary origin and are of late Pennsylvanian and early Per- 
mian age. The contact between the Pennsylvanian and Permian 
was mapped by J. W. Beede and the results published in Oklahoma 
Geological Survey Bulletin. He shows this contact as entering 
Oklahoma from Kansas near the east line of T. 29 N., R. 6 E., and 
extending in an irregular line a little west of south across the county 
and crossing the Arkansas river near the west line of T. 24 N, 
R. 6 E. The sediments of the county are almost entirely marine and 
were deposited in comparatively shallow water. 

Straiigraphy. 

The formations exposed at the surface in Osage county are 
approximately 2,800 feet thick. Of this thickness 2,250 feet are of 
Pennsylvanian age and 550 feet of Permian age. 

Tlie Pennsylvanian formations exposed in the county from the 
lowest to the highest are as follows; about 120 feet of the upper 
Coffejrville formation; Hogshooter limestone; an interval of un- 
named sandstone and shale varying from 75 to 300 feet in thick- 
ness; Dewey limestone; Wilson and Buxton formations; Fawhuska 
limestone; and an interval of alternating limestones and shales, 
with a few sandstones, having a thickness of approximately 700 
feet. Included in this later series is the Cryptozoon, Stonebreaker, 
Foraker, Red Eagle and Neva limestones. 

The formations of early Permian age from the lowest to the 
highest are as follows : The Council Grove, Chase and Marion for- 
mations of the Kansas section and included in these formations are 
the Cottonwood, Grouse, Wreford, Ft. Riley, Winfield and Hering- 
ton limestones. 

A more detailed description of the formations exposed in the 
county is given in a preceding section on the Geology of Okla- 
homa and also in the United States Geological Survey Bulletins as 
shown in tig. 78. 

Structure. 

Osage county is located on the southwest flank of the Ozark 
uplift. The structure of the area is in general that of a gentle 
northwest dipping monocline. The average dip is about thirty feet 
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to the mile. The general monoclinal structure, is, however, broken 
in many places by local folding: and faulting, which form rather 
well defined bands across the county. The folded areas are con- 
spicuously present in the eastern and central portions of the county, 
whereas the monoclinal structure of the western portion is practi- 
cally unbroken. 

One of the largest folds in the county is the Meyers dome, 
located just east of Meyers station on the Midland Valley Railroad. 
This fold has a reserve dip of approximately seventy feet. Two 
other folds of about the same size are located northwest of Hom- 
iny, on one of which Is the Section Eight oil field. 

The faults have a general northwest, southeast trend and are 
seldom ever one mile long. The vertical displacement ranges from 
a few feet to a maximum of approximately 150 feet. 

Detailed information in regard to the structure of the county 
is given in the United States Geological Survey Bulletins shown on 
fig. 78. 

Production. 

Aa a producer of oil and gas Osage county has proven to be 
one of the most prolific areas in the Mid-Continent field. The meth- 
od of lea^ng has greatly retarded development in the county but 
even with this handicap it has made rapid progress. There has been 
no development to date west of Range 7, due to the fact that the 
area has not been leased. The developed areas east of Range 6 
are shown on Plate III. From this plate it can be readily seen that a 
large portion of this area has been proven productive. From a 
geological standpoint there is probably not another area of equal 
size in the Mid-Continent field that has as large a percentage of 
favorably located acreage. Of the entire number of tracts that have 
been sold one out of three has proven productive. 

At least ten producing horizons are found underlying the 
county. From the shallowest to the deepest they are : Layton ; 
Cleveland; Big Lime; Peru; Oswego; Wheeler, Bartlesvitle; Tucker; 
Burgess, and Mississippi lime. The Bartlesville sand is one of the 
most extensive laterally and is generally considered the best pro- 
ducer in this portion of the Mid-Continent field. 

While the western portion of the county has not been tested 
it is a very favorable area and will no doubt prove productive. It 
looks especially favorable for gas and the recent completion of 
some large oil wells, sec. 17, T. 27 N., R. 8 E., which was formerly 
considered a gas area, proves that this portion of the county also 
has great possibilities as an oil producer. 

The following list gives the names by which the producing 
areas are generally known, with their location, the productive hori- 
zons and the approximate average initial production. 
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GUSHING DISTRICT. 

The Gushing: district includes parts of Creek and Payne coun- 
ties and includes the Cuafains, West Cushing, Yale, Ripley and In- 
galls pools. For convenience the small gas pool near Otoe in 
western Pawnee county is included in this district. The accom- 
panying: sketch map (Rg. 79) shows the producing: areas in the 
Gushing: and Yale pools. 

Cushing Pool. 

The Gushing pool has been of the utmost importance in point 
of amount of production and affect upon the market. While it is 
already past its maximum its production is still of considerable im- 
portance and its great historic interest makes it worthy of some- 
what more detailed notice than is fi:iTen to the majority of the pools 
in Oklahoma. 

The pool has been treated rather fully in two publications. 

(1) The Cushing Oil and Gas Field, Oklahoma, by Frank 
Buttram, published as Bulletin No. 18 of the Oklahoma Geolog^ical 
Survey in 1914. 

(2) Geolog[ic Structure in the Gushing Oil and Gas Field, 
Oklahoma, and its relation to the oil, gas and water, published as 
Bulletin No. 658 of the United SUtes Geological Survey in 1917. 

In the following pages both reports are used extensively. 

Location and area — The Cushing pool is located in the ex- 
treme western part of Creek county, with some production from 
Payne county to the west. The greater part of the development is in 
the western half of Tps. 17 and 18 North, Range 7 East. The name 
is taken from the town of Cushing, about 12 miles west of the field. 

History and development — The discovery well was drilled by 
C. B. Shatter on the Wheeler lease, see. 31, T. 18 N., R. 7 E., in 
March, 1912. Development was rapid but the production was all 
from the Wheeler and Layton sands. In spite of the discovery of 
an important northern extension in the summer of 1913, the field 
began to show signs of exhaustion, when, in December, 1913, the 
Prairie Oil and Gas Company drilled to the Bartlesville sand in 
sec. 3, T. 17 N., R. 7 E., and secured a 500 barrel well. This was the 
beginning of the most feverish activity and of the development of 
one of the phenomenal pools in the history of the petroleum ■ in- 
dustry. 

The most recent development has been the securing of good 
production from the Tucker sand, below the Bartlesville. The first 
well in the Tucker sand was the largest so far drilled in the state. 
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Ffg. 79.— Map showing producing areas in Cusbing district. 
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with an initial production of over 15,000 barrels per day. The pro- 
ductive area in the Tucker sand, however, was small and the wells 
declined rapidly. 

Stratigraphy — ^The rocks of the area all belong to the Penn- 
sylvanian system. The most prominent bed outcropping in the 
field is known as the Pawhuska limestone, which is about five feet 
thick in the southern part of the field, thickening to the north, 
where it is composed of three limestone members separated by 
shale. About 150 feet of alternating sandstones and shales are ex- 
posed in the field below the Pawhuska limestone and above a heavy 
sandstone, thought to be the Elgin sandstone. 

Little is known of the stratigraphy for 1,000 feet or more be- 
low the Elgin sandstone, except what can be determined from the 
study of the well records. The formations outcrop in the Hominy 
quadrangle to the east of the field. This quadrangle has been 
mapped by the United States Geological Survey, but the results have 
not been published. 

The formations at greater depths are the southward exten- 
sions of the formations outcropping in the northeastern oil fields. 
Owing to the disappearance of the limestones to the south and west, 
and the thickening of the sands and shales it is almost impossible 
to make detailed correlations with the well records of the Gushing 
pool. It is thought, however, that the Wheeler sand is the Fort 
Scott (Oswego) limestone of the northeastern fields. 

Structure — ^The Cushing field is located in the general area of 
northwest dip — the Prairie Plains monocline. However, the struc- 
ture of the immediate field is a major anticline folded into a rather 
complex system of domes and synclines. 

The principal producing areas are domes, which are described 
by Buttram as follows: 

The Dropright dome is so named from the town of Dropright 
which has sprung up as a result of remarkable activity on the slope of 
the dome. This anticline extends from Cimarron river in sec. 34, T. 
19 N., R. 7 E., west of southwest to E. i/j sec. 17, T. 18 N., R. 7 E., 
where the dome reaches its maximum development. From this point 
southward to the southeast comer of sec. 20 it dies out rapidly. 

The elongated dome thus described is about 5 miles in length 
and the apex or summit is well toward the south end. From the 
summit northward for a distance of about 2 miles the northward 
dip is very gentle. The slope is very gentle, but from the middle of 
sec. 4 northward to Cimarron river the dip is more rapid. 

The dip on the west slope also is gentle for about a mile be- 
yond the Cimarron river. However, from this point on to the 
westward the dip is very steep and reaches a maximum of about 



r>' Google 



218 Oil and Gas in the Mid^ontinent Fields. 

170 feet to the mile, this being the maximum dip in the field so far 
as is known to the writer. The east side of the dome, too, shows 
a gentle slope at first. The steepest dip is about the middle of sec. 
16. In cross section therefore this dome shows a short eastern 
- limit and a much longer, steeper, western limit. Likewise in longi- 
tudinal section the south end is short and the north is much longer. 

The Drumright dome is so named from the town of Drumright, 
which is situated on the western slope of the dome. This structure, as 
above noted, might be regarded as the continuation of the Dropright 
dome, the two making an anticline, but it is best described separ- 
ately. It is by no means so well developed as the preceding struc- 
ture. The axis rises from the southeast comer of sec. 20, T. 18 N., R. 
7 E., to about the middle of the W. % of sec. 10, T. 17 N. 
Both the north and souUi dips are very gentle, as compared with 
those of the Dropright dome. The total dip on the north end of 
the dome is not much in excess of 50 feet, while the south dip is 
between 30 and 40 feet. The west slope is comparatively gentle, 
being about 75 feet to the mile. This slope as shown by iie struc- 
tural contours is much more irregular than the corresponding slope 
of the Dropright dome. The east slope of this dome is somewhat 
more than a mile in length, and very gentle, the dip being about 
50 feet to the mile. As compared with the other east dips in 
northeastern Oklahoma, however, this is rather pronounced. It 
was on the west slope of this dome in sec. 32, T. 18 N., R. 7 E., that 
the discovery well was completed in March, 1912. 

The southernmost of the three principal domes is termed the 
Shamrock dome from the Post Ofiice by that name situated some 
2 mites to the southwest of the apex of the dome. This dome ia 
seen to be closely related to the Drumright dome. The axis rises 
from about the middle of the west side of sec. 10, south to the 
center of sec. 22, thence dropping to the southwest. The southern 
limit of the dome is beyond the confines of the map, the axis pass- 
ing out of T. 17 N., in the southeast comer of sec. 33. 

The west slope of this dome is long and gradual, being a part 
of the regular moniclinal stmcture of the region. The east slope 
of the dome was not accurately mapped on account of lack of good 
exposures of formations, and also through want of well logs. It Is 
certain, however, that the east dip continues from the apex of the 
dome in sec. 22 approximately to Little Deep Fork Creek in 
the east ^/^ of sec. 23. This makes one of the best developed domes 
of the entire area, being surpassed in magnitude only by the Drop- 
right dome. 

It will be noted in passing that as this is being written (1914) 
wells of large production are being brought in in the Bartlesville sand 
on this dome, the well of the Numa Oil company on the Fife lease 
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in see, 22, starting oflf at a reported production approaching 8,000 
barrels per day. It is safe to say that the area involved in this 
dome will be one of the most productive parts of the entire field. 
The Mount Pleasant dome takes its name from Mount Pleasant 
church, which is situated on the north slope of the dome. This is one 
of the few structures that is characterized by east-west elongation. 
The dome extends from the west 1/2 s^c. 10 eastward and somewhat 
northward through sec. 11 into the northwest part of sec. 12, T. 
17 N., R. 7 E. It thus has a length of not to exceed 2 miles. Trans- 
versely it may be said to extend from about the center of sec. 14, 
northward to the center of Sec. 2, a distance of about 2 miles. 
The east dip of the dome, which from an economic standpoint is the 
moat important, approximates 65 feet. The great production at 
the present (1914) being obtained from the Bartlesville sand is 
from the region where this dome comes into contact with the south 
end of the Drumright and the north end of the Shamrock domes. 



In general the production in the Gushing field follows the 
structure very closely as is pointed out in the quotation just given. 

Producing horizons — Commercial production has been ob- 
tained from four different horizons, the Lajrton, Wheeler, Bartles- 
ville, and Tucker sands. In addition to these the Jones and Cleve- 
land sands have shown some oil and gas but not in sufiicient quan- 
tity to be of importance. 

The name La3i:on ^^as first applied to a sand found produc- 
tive on the Layton farm in the Cleveland field and the sand in the 
Gushing field is supposed to be at the same horizon. It is generally 
a fairly soft, porous, coarse-grained sandstone, with an average 
thickness of about 30 feet although the thickness as reported in 
logs varies from a very few feet to 100 feet or even more. The top 
of the Layton sand is found at an average depth of 1,530 feet below 
the top of the Pawhuska limestone, (1,400-1,500 feet below the 
surface) and 810 feet above the top of the Wheeler sand (Fort 
Scott or Oswego limestone.) The formations between the Layton 
and Wheeler sands thicken to the west so that the interval between 
the sands increases in that direction. 

The Wheeler sand received its name from the farm on which 
the first producing well of this horizon was obtained. It is really a 
formation consisting of two members of coarse-grained, light-brown 
limestone with a shale break, believed to be the Fort Scott (Os- 
wego) limestone. The average thickness of 75 feet. The top of the 
sand lies from 700 to 810 feet below the top of the Layton sand 
(2,200-2,300 feet below the surface) and 390-400 feet above the 
top of the Bartlesville sand. 
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The Bartlesville sand is supposed to be a continuation of the 
principal producing sand in the district from which it takes its 
name. In the Gushing pool it is probably about 100 feet thick 
and is a soft, porous, coarse-grained, brown sand-stone. The top 
of the Bartlesville lies at an average distance of 420 feet below the 
top of the Wheeler (2,600-3,000 feet below the surface.) 

The production from the Tucker sand is more recent and cov- 
ered much less area than that of the other sands. In the Bartles- 
ville region, in Washington county, the sand is principally a gas 
producer, is 150-200 feet below the top of the Bartlesville sand 
and is about 20 feet thick. Even if it continues with the sand in 
the Bartlesville region, it may be very different in character and 
thickness in a locality so far distant as the Gushing field. 

Production — The Gushing pool has been marked by wells of 
very large production. In the Layton and Wheeler sands wells of 
1,000 barrels were not uncommon and the average initial produc- 
tion for 1912 was 227.4 barrels per day. The Bartlesville sand 
wells were very much larger, most of them in the early development 
having an initial production of more than 1,000 barrels, and many 
of them of more than 5,000 barrels. The average initial produc- 
tion of nearly 700 wells was practically 1,000 barrels per day. 

As is usually the case with wells of unusually large production, 
the decline was very rapid. *Buttram cites instances showing the 
rapid decline. One hundred sixty-one Layton and Wheeler wells 
had an average daily production of 23,079 barrels in February, 
1913, while at the end of May, 301 wells were giving an average 
daily production of 18,574 barrels, indicating a decline of one-half 
in the 161 wells in three months. The rate of decline in the Bar- 
tlesville sand wells is even more rapid. This is shown by the de- 
cline in the production of the pool from 300,000 barrels per day 
in April to an average of less than 100,000 per day In December, 
1915, in spite of the new wells which were being brought in con- 
tinually. 

Character of oUs — ^The Gushing oil pool furnishes the highest 
grade of crude so far found in any important pool west of the Al- 
leghenies. The Layton crude averages about 41 degrees, the Bar- 
' tlesville about 40 to 41 degrees and the Wheeler 38 to 39 degrees 
Baume. The mixed crude gives on refining about 35 per cent gaso- 
line and benzine, 20 per cent kerosene, 30 per cent distillate, 15 per 
cent residium and 5 per cent loss. 



•Op. cit. pp. 50-31. 
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Beal's work (referred to above) was done much more recently 
than that of Buttram and after the field had been well defined in 
all the productive sands. He mak&s no additions to the surface 
geology as determined by Buttram but points out the variations be- 
tween the structure of the surface beds and that of the different pro- 
ducing sands. Detailed contour maps on the different sands are 
given. These maps also show the water surface, the areas of great- 
est production and the areas of oil and gas production. 

The cause for the extremely rapid decline of the field is given 
as the great number of wells drilled and the extraordinarily rapid 
decrease of the gas pressure due to the waste of gas. The water 
from sands above and below the productive sands also invaded 
the productive sands due to poor casing and improper plugging of 
abandoned wells and has been a contributing factor to the decline 
of the field. 

Yale pool — This pool is located on a pronounced anticlinal 
structure. It was opened in 1914 by a well in sec. 7, T. 19 N., R. 6 E., 
and development has continued steadily until the present, and about 
4 square miles lying along the line between Rs. 5 and 6 E., in T. 
19 N., between Yale and Quay are productive. 

There are four productive sands at average depths of about 
2,720, 2,875, 3,050, and 3,130 feet respectively. The two upper 
sands have produced only gas in most of the territory. Capacities 
of as high as 20,000,000 cubic feet per day have been reported from 
the second sand 

The wells are of only moderate size, very few having an initial 
production as high as 1,000 barrels. The production holds up well, 
however, and the field is a paying one. On account of the depth 
and the comparatively small wells, the field has not produced any 
great excitement and the development has proceeded in an orderly 
manner. 

West Gushing pool — The West Gushing pool is located east of 
Gushing' in the eastern part of T. 18 N., R. 6 E., where there are 
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two anticlinal folds separated by a syncline. Both folds have been 
fairly well tested but only gas wells have resulted. Some of the 
wells have had capacities of from 10,000,000 to 20,000,000 cubic feet 
per day, 

Ripley and' Ingalis pools — Well defined structure 8 miles west 
of Ripley and at In^tls, in T. 18 N., R. 5 E., have been well tested 
but have produced only gas and a few small oil welts. Most of the 
activity in these pools was in 1914, 1915 and 1916. They have 
been rather quiet for the past year or two. 

Early in 1919 it was reported that a strong flow of gaa had 
been encountered at a depth of about 700 feet in sec. 15, T. 16 N. 
-R. 5 E. This well is in rather promising territory on a faulted anti- 
cline. A structure near Otoe has given several gas wells of large 
capacity but no oil production of importance. The pool was opened 
late in 1915. 

KAY COUNTY DISTRICT. 



General Statement. 

Kay county is one of the northern tier of counties in Okla- 
homa bordering Kansas. The geologic formations are for the 
most part the non-red Permian. The following formations are 
exposed in this county : Matfield shale. Fort Riley limestone, Doyle 
shale, Winfield limestone, Uncas shale, Herington limestone, and 
an unclassified series of thin limestones and shales. The general 
structure is a monocline having a dip of about 30 feet per mile 
to the west. The following oil and gas pools have been discovered 
and developed: Newkirk, Ponca City and Blackwell, In the Kay 
county district are included also the Billings, Garber and Barnes 
pools. The producing areas of the Newkirk, Ponca City and 
Blackwell pools are shown in fig. 80, and of the Garber, Billings and 
Barnes pools in fig. 81. 

Producing Areas. 

Newkirk pool — The Newkirk pool is almost exclusively limited to 
sees. 35, T. 28 N., R. S E., and sees. 2, 10, 11 and 15, T. 27 N., R. 3 
E., and near the town of Newkirk. 

The first wells drilled in this field were near Newkirk in 1905. 
They were small, shallow gas wells and varied in depth from 600 
to 2,200 feet. A short time after the discovery they became ex- 
hausted or were ruined by salt water. It was not until the latter 
part of 1913 that the first oil well was brought in, which was near 
the center of sec. 2, T. 27 N., R. 3 E. During 1914 the production 
from increased development amounted to more than 2,500 barrels 
per day about the middle of the year. This production came from 
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Fig. 80.— !lap sbowlng producing areas of the Newkirk, Panca City 
and Barnes [kmIb. 



ijGoogle 



224 Oil and Gas in the Mid-Continent Fields. 

the 900-foot sand. The largest initial production was reported at 
500 barrels, and the average about 200 barrels. The productive 
area was gradually extended. In 1915 and 1916, there were no 
special features of development, but in 1917 considerable excite- 
ment was created by the discovery of a deep sand on the Bigger- 
staff farm in sec. 10, T. 27 N., R. 3 E. Production was found at a 
depth of 3,223 feet. During this year and 1918 a number of wells 
were drilled to the deep horizon in the vicinity of this well and also 
in sees. 15, 22, 27, 33 and 34, T. 27 N., R. 3 E. The initial production 
of the wells ranged from a few garrels to 2,300 barrels. 

Production was found in a well in sec. 34 of the same town- 
ship in a sand at a depth of about 3,355 feet. Most of the de- 
velopment in the early part of 1919 has been in sec. 15, T. 27 N., 
R. 3 E. However, the results have been so discouraging that only 
a few wells are drilling to the deeper sands. The present daily 
production (March, 1919) of the field is about 3,500 barrels from 
about 50 producing wells. There are 3 pipe lines taking the produc- 
tion from this field. 

The wells in this field start at the Fort Riley limestone. There 
are 3 producing sands.. The 900-foot which has been the most im- 
portant producing horizon has an average thickness of about 15 
feet. It has been correlated with the Elgin sandstone by some 
geologists. The wells in this sand are steady producers. A few ■ 
wells have found some production in a 1,400-foot sand. The deep 
sand is encountered at an average depth of 3,160 feet. The pro- 
duction is very erratic and "spotted." The thickness of this sand 
is reported as high as 100 feet. In several well the productive 
sand is reported at 3,350 feet. This deep production may be in 
the Mississippi lime. 

The oil from the 900-foot and deep sands is approximately the 
same, being green in color and ranging in gravity from 38 degrees 
to 41.5 degrees Baume. 

Ponca City pool — The Ponca City pool including what is known 
as the South Ponca pool and a few producing wells northeast of 
Ponca City is limited to all or a part of the following: sees. 8, 9, 
18 and 19, T. 26 N., R. 3 E., Sees. 11, 12, 13, 14 and 24, T. 26 N., R. 
2 E., and sees. 4, 8, 9 and 17, T. 25 N., R. 2 E. The main Ponca City 
field is in T. 25 N., R. 2 E. 

The first well in this field was drilled in 1905 by a local com- 
pany. Gas was encountered at a depth of 500 feet. In 1906, 1907 
and 1908 the development of the shallow sand was centered around 
sec. 34, T. 26 N., R. 2 E. The total volume of gas sold during this 
time was about 178,000,000 cubic feet. The first important oil 
well was brought in during June, 1911, on the Willie Cry farm in 
sec. 8, T. 25 N., R. 2 E. Development proceeded very rapidly. In 
1912 there were over 30 wells producing with an average daily 
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producticn of 34 barrels. The total production for 1913 amounted 
to 722,358 barrels. During 1914, 1915, 1916, 1917 and 1918 devel- 
opment gradually decreased. In January, 1919, the Marland Re- 
fining Company completed a well on the Miller farm in sec. 9, T. 
26 N., R. 2 E., having an initial production of 1,000 barrels from h 
sand at a depth of 3,929 feet. The daily production (March 1, 1919) 
was about 1,100 barrels. 

The surface horizon in this field is usually the Herington lime- 
stone. The first sand of any importance occurs 375 feet below the 
Herington and the average thickness is about 17 feet. This sand 
has also produced gas in paying quantities. 

The most important gas sand is the 600-foot which has an 
average thickness of about 37 feet. The early wells were drilled to 
this horizon. The initial volumes ranged from a few thousand 
to 7,000,000 cubic feet. Some geologists correlate this sand with 
the gas sand at Dexter, Arkansas City and several other places 
in Kansas. 

The 1,000-foot sand, productive of both oil and gas, has an 
average thickness of about 36 feet. 

The 1,330-foot sand, also productive of oil and gas, ranges in 
thickness from 15 to 40 feet. 

The most productive oil sand which also yields some gas is 
the 1,650-foot or Fonca sand. The average thickness is about 18 
feet. The initial production of wells in this sand has been as high 
as 10 barrels an hour. 

The 2,100-foot sand has been found to be productive of both 
oil and gas. 

There are two doep sands, one of which was productive in 
Willie Cry, No. 9, sec. 8, T. 26 N., R. 2 E., at a depth of 3,743 feet, 
the other in Mollie Miller No. 9, sec. 9, T. 25 N., R. 2 E. at a depth 
of 3,929 feet. The former had an initial production of 20 barrels 
and the latter 1,000 barrels. 

The oil from the 1,560 and 2,100-foot sands is olive green in 
color and the gravity ranges from 40 degrees to 41 degrees Baume, 
while that from the B,743 and 3,929 foot sands has a reddish-green 
color and a gravity of about 41 degrees Baume. 

BlaekweU pool — The Blackwell pool is located in Kay county 
and covers approximately all or a part of the following: sees. 31, 
32, T. 29 N., R. 1 E., sees. 5, 6, 7, 8, 17, 18, 19, 20, 29 and 30, T. 28 N., 
R. 1 E., and also the shallow gas producing area in sees. 12, 13, 24, 
25, 26, 35, 36. T. 28 N., R. 1 W., and sees. 2, 10, 15, 17, and21, T. 27 N., 
R. IW. 

Previous to 1912 only shallow gas wells had been drilled in this 
field. This early development extended from near Blackwell north- 
ward for a distance of about 10 miles. The initial volumes of the 
gas wells ranged from a few thousand to 5,000,000 cubic feet. About 
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37 wells were drilled in 1912 and 21 of theae produced gaa. In 
1914 the first oil well of any importance was drilled in the Swenson 
farm in sec. 32, T. 29 N., R. 1 E. The initial production was esti- 
mated at 600 barrels from a sand at a depth of 3,360 feet. Gas 
wells having an initial volume from 250,000 to 65,000,000 cubic feet 
were also completed at this time. The field was slowly developed 
on account of the length of time and trouble in drilling to the Swen- 
son or deep sand. In practically all of these deep wells, heavy vol- 
umes of gas were encountered in the shallow sands. The volumes 
of gas, although of commercial value, were not utilized as a rule, 
but were mudded off and drilling continued to the deep oil-pro- 
ducing sand. 

By January 1, 1916, most of the development was centered 
around sec. 32, T. 29 N., R. 1 E., and later was extended into the 
adjoining sections. During this year wells having an initial pro- 
duction as high as 3,500 barrels, were completed in sec. 32, T. 29 N., 
R. 1 E., and sec. 6, T. 28 N., R. 1 E. A well estimated to have had an 
initial production of 600 barrels was completed on the Curry farm 
in sec. 18, T. 28 N., R. 1 E., in the 1,900-foot sand. During 1917 and 
1918 the principal development was the extension of the shallow 
sand production into sees. 17, 18, 19, 20, 29, and 31, T. 28 N., R. 1 E. 
In the early part of 1919 most of the development in the shallow 
sand areas was in sees. 20 and 29 of the above township. 

In some of the deep wells in this pool more than 12 sands, 
productive of oil or gas in various quantities, have been reported, 
but there are about 10 sands, some of which are sandy limestones, 
found throughout the field where wells have been drilled to 3,400 
feet. There are several gas sands above the 700-foot sand, but 
they are not of sufiicient importance to be considered here. The 
700-foot gas sand is usually found throughout the field. Initial ca- 
pacities as high as 10,000,000 cubic feet have been reported. The 
900-foot and 1,400-foot gas sands have been found in the northern 
part of the field or wherever wells have been drilled to these depths. 
The initial :capacitie8 vary from showings to a few million cubic 
feet. The l,40O>foot gas sand had an initial volume of as high as 
5,000,000 cubic feet in the NW. "4 sec. 20, T. 28 N., R. 1 E. The 
1,600-foot and 1,700-foot aands are productive of oil and gas. The 
former has produced as idnh as 2,000,000 cubic feet of gas in initial 
volume and the latter as high as 10 times this amount. These sands 
show gas in the northern part of the field, but in sees. 17 and 18, 
T. 28 N., R. 1 E., and southward, they produce as high as 1,200 bar- 
rels of oil on initial production, the average being about 200 barrels. 
The 1,900-foot sand shows gas in some quantities throughout most of 
the field and in sees. 8, 17, 18 and 20, T. 28 N., R. 1 E., is produc- 
tive of oil. The 2,000-foot sand produces oil in sec. 18, T. 28 N., 
R. 1 E., and sec. 81, T. 29 N., R. 1 E. An initial production as high as 
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850 barrels has been reported. The 2,200-foot, 2,600-foot and the 
3,200-foot gaa sands have shown gas in varying amounts wherever 
wells have been drilled to these horizons. The best production in 
the 2,200-foot sand has been found in sees. 31 and 32, T. 29 N., 
R. 1 E., and sees. 5 and 6, T. 28 N., R. 1 E., where initial volumes as 
high as 15,000,000 have been reported. The 3,400-foot or Swenson 
sand is productive of oil and gas. Oil production has been found in 
sees. 31, 32, T. 29 N., R. 1 E., and sees. 7, 8 and 18, T. 28 N., R. 1 E. 
The initial production ranges from a show to as high as 3,500 bar- 
rels. Gas is usually associated with the oil in most of the wells. 
The Swenson No. 1 in the SW. ^ sec. 32, T. 29 N., R. 1 E., which 
was drilled in 1914, and had an initial production between 400 and 
600 barrels, was producing about 15 barrels, March 15, 1919. 

More than 370 wells have been drilled in the Blackwell field and 
adjacent territory (March, 1919) of which 184 were oil wells, 138 
gas wells and about 46 dry holes. The daily production March 15, 
1919, was about 7,500 barrels from 170 producing wells. 

Gorfier pool— The Garber pool is located about 14 miles east 
of Enid and 3 miles south of Garber. The productive area which 
is about 5 square miles, covers all or a part of the following : sees. 
1, 12, 13, 14, 24 and 25, T. 22 N., R. 4 W., and sees. 7, 18, 19 and 30, 
T. 22 N., R. 3 W. 

The first well drilled in this pool was in the latter part of 
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1916 on the Hoy farm in sec. 25, T. 22 N., R. 4 W. This location 
was a considerable distance from production and was made on 
geological advice. The discovery well had on its initial production 
of 150 barrels of oil which tested about 45 degrees Baume. During 
the early part of 1917 there was considerable drilling to the 1,100- 
foot or Hoy sand. Most of the wells did not go below this horizon. 
The field was extended in all directions from the discovery well but 
more especially to the northward. In July, 1917, a deeper sand 
was discovered on the Hotson farm in the NW. V4, sec. 25, T. 22 N., 
R. 4 W. By August the field had been extended to the northern boun- 
dary of sec. 13 of the same township. During 1918 some of the wells 
which did not find paying quantities of oil in Hoy sand were drilled 
deeper with the result that something like 7 producing sands were 
found between 1,100 and 2,200 feet. After these discoveries very 
few wells were abandoned at a shallow depth. If no production was 
found in the shallow sand they would as a rule, find production in 
some sand below it. 

The most important feature of development in the latter part of 
1918 and the early part of 1919 was the drilling of so-callewJ twin 
and triplet wells. As high as 4 wells have been drilled in a bunch 
within a square of 100 to 200 feet. All of these wells would be 
producing from different sands. In addition to this, production 
was found in the SE. cor. sec. 11, T. 22 N., R. 4 W., from a sand at a 
depth of 2,100 feet; in the SE. part of sec. 14 (same township) at 
about 2,225 feet in the SW. cot. SE. Vi sec 12 (same township) at 
1,630 feet ; and in the W. i^ SW. V4, sec. 7, T. 22 N., R. 8 W., in sands 
from 1,300 to 2,245 feet. 

The surface horizon at which the wells start is the Permian 
Redbeds. There are so many sands in this field that no attempt 
will be made to describe all of them. Some of them are lenticular 
and are not found throughout the field. The Hoy sand is found 
in practically all wells drilled. It is found at an average depth of 
1,100 feet and has an average thickness of about 20 feet. The aver- 
age initial production is about 75 barrels and the highest about 
900 barrels. The 1,300-foot sand in the SW. V4. SW. V4,, sec. 7, T. 
22 N., R. 3 W., is very productive, ranging in initial production from 
75 to 800 barrels per day. Production is found in some wells at 
about this horizon in sec. 24, T. 22 N., R. 4 W. The Hotson sand is 
encountered at about 1,450 to 1,525 feet and is productive in sees. 
18 and 19, T. 22 N., R. 3 W., and sees. 28, 24, 25, T. 22 N., R. 4 W. The 
initial production ranges from a few to as high as 600 barrels, 
the average being about 100 barrels. The thickness averages about 
25 feet. A sand found at about 1,740 feet near the center of sec. 24, 
T 22 N., R. 4 W., produces from 25 to 300 barrels initial production in 
certain wells. Other sands encountered at the following depths are 
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productive in various parts of the field: 1^0, 1,650, 1,800, 1,900, 
2,100, 2,225 and 2,800 feet. 

In the SW. ^ SW. ^ sec. 16, T. 22 N., R. 3 W., several wells have 
been completed with an initial production of from 5 to 15 barrels 
from a sand at a depth of 1,525 feet. These wells are about 
2 miles east of the Garber field. 

About 202 wells have been drilled in the Garber field. Of this 
number 182 are oil wells, 10 dry holes and 10 gas wells. The total 
daily production of the field March 15, 1919, was about 7,000 barrels. 

The oil in the Garber field ranges from 41.5 degrees to 45 de- 
grees Baume. As- a rule the gravity is about the same for all sands. 
The color of the oil is light green. 

Billings pool — The Billings pool is located about 6 miles south- 
west of the town of Billings, Noble county and 12 miles northeast 
of the Garber field. It covers all or a part of the following: sees. 15, 
16, 21 and 22, T. 23 N., R. 2 W. The productive part has an area 
of about 2 square miles. 

The discovery well in the Billings field was drilled on geological 
advice and about the same time as the first well in the Garber 
field. It was not completed until the early part of 1917. About 5 
gas sands were encountered at shallow depths and oil at 2,033 and 
2,129 feet, with an initial production of 500 barrels. This field was 
rather slow in development. During 1917 and 1918 tiie field was 
gradually extended northward to the center of sec. 15. Dry holes 
have been drilled to the southeast, east, northeast and west of 
the productive area. In the early part of 1919 only a few wells 
were completed. The daily production (March IS, 1919) was es- 
timated at 5,000 barrels. 

About 72 wells have been drilled in this field. Of this num- 
ber 48 were oil wells, 10 dry holes, and about 13 gas wells. 

There is an interesting teat being drilled in the N. E. ^4 Bee. 
20, T. 24 N., R. 1 W., about 7 miles northeast of the Billings field. The 
present depth, March 15, 1919, is 4,485 feet. At a depth of 4,330 
feet a hard sand was encountered which had a showing for about 
16 barrels of high grade oil. Tliis is the deepest oil production so 
far found in Oklahoma. 

The surface horizon in the Billins^ field is the Permian Red- 
beds. A few thin limestone beds interstratifled with shale are ex- 
posed. There are at least 7 horizons which show gas in varying 
amounts, some of these are sands and sandy limestones. They oc- 
cur at something near the following depths : 500, 550, 680, 745, 890r 
1,030, 1,155, 1,725, 1,750 and 1,925 feet. The initial volumes range 
from showing to 10,000,000 cubic feet. The producing sand, known 
as the Hoover sand, occurs at about an average depth of 2,030 feet. 
Gas is usually encountered just above the oil in the sand. The ini- 
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tial daily production varies from 50 to 2,700 barrels, the averajre 
being about 1,000 barrels. 

The oil from the Hoover sand has a gravity ranging from 41.5 
degrees to 44 degrees Baume, and is light green in color. 

Barnes pool — The Barnes field, so named from the Barnes 
farm on which the discovery well was completed, is located about 
midway between the towns of Billings and Garber. The productive 
area ia limited to a small area in the S. ^ S. W. Vi sec. 10 and N. \^ 
NW. ^ sec. 15 T. 23 N., R. 3 W. 

The discovery well was drilled in 1918 on the Barnes farm in 
the N. W. ^ sec. 15. The initial production was reported from 100 
to 400 barrels from a sand at a depth of 2,037. Considerable ex- 
citement followed and soon afterwards about 12 wells were drilling 
in proximity to the producer. In the latter part of 1918 and the 
early part of 1919 seventeen wells had been drilled. Of this num- 
ber only 4 found production and the remainder were dry holes. No 
welts have been drilled below the Barnes sand. Dry boles practical- 
ly surround the small producing area. 

The well record for Kay county for the years 1912 to 1918, not 
including the Garber, Billings nor Barnes pools is as follows: 

WELL BXCOBD FOR KAT COUNTY, ISlZ-lSlg. 

Inlllal Producllon 



•Oil iTid Om Jonnul. 



34!31l) 



For Garfield and Noble counties — Garber and Billings pools, the 
well record is as follows: (Oil and Gas Journal.) 



iDlUil Product I on 
ToUl Aieran 
IS.HD IM.S 

it. 911 203.1 



■iDcludn IiH btlf of TUT only. 

EAST CENTRAL OKLAHOMA DISTRICT. 

This district is a large one, which occupies the greater part of 
tbe Arkansas valley region and includes all or parts of the following 
counties: Okfuskee, Seminole, Hughes, Pontotoc, Pottawatomie, 
Coal, Atoka, Pittsburg, Mcintosh, Muskogee (southern extension), 
Haskell, Latimer, Le Flore and Sequoyah. 

The rocks of this region are shales and sandstones of Penn- 
fiylvanian age. In a general way they are of the same age as Uie 
rocks in the producing areas to the north and northwest, but the 
lower portion of the rocks in this region are older than any of those 
farther north. The deposits represent near-shore and, in part, non- 
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marine conditions. Except for the Wapanucka limestone, at the 
base of the Pennsylvanian, limestones are absent from the section. 

The folding is much more pronounced than in the region to the 
northwest and the topography is rougher. Several ranges of hills, 
known locally aa mountains, occupy the synclinal axes while the an- 
ticlinal axes are in broad valleys or flata. 

The geology of the region is discussed in a previous section of 
this book and at greater length in three reports. 

(1) The Geology of the Eastern Choctaw Coal Field, by Jo- 
seph A, Taff and George I. Adams, Twenty-first Annual Report, 
Part 2, U. S. Geological Survey. 1900. 

(2) The HcAlester-Lehigh Coal Field, Indian Territory, by 
Joseph A. Taff, Nineteenth Annual Report, Part 3, U. S. Geol- 
Survey. 

(8) The Geology of East-Central Oklahoma, by L. C. Snider, 
Bulletin No. 17, Okla. Geol. Survey, 1914. 

Reference should be made to these reports for details con- 
cerning the structure and stratigraphy. 

At first glance this region appears very favorable for both 
oil and gas but, with one or two minor exceptions, only gas and 
that in moderate amounts has rewarded drilling. The writer is of 
the opinion that the folding which has taken place has produced 
sufficient metamorphism to convert any oil, which may have been 
present in the rocks, into gas and to drive out the greater part of 
the gaa. (See "Effects of metamorphism on accumulations of pe- 
troleum and natural gas" in Chapter 2 of this book.) 

In the following paragraphs the development in each county is 
noted briefly. 

Okfuskee county — Okfuskee county has had several test wells, 
some of them favorably located as regards structure, but no impor- 
tant pools have been developed. The Tiger Flats pool of Okmul- 
gee county extends across the county line into Okfuskee. A small 
amount of gas has been found near Okemah. Considerable excite- 
ment was caused in 1914 by the finding of gas and a little oil in a 
well drilled near some faults, about 2 miles northwest of Faden. 
Further drilling has failed to show any accumulations of value. 

Seminole county — A small quantity of oil was discovered at 
Wewoka in 1908, but further prospecting in the county has had 
only disappointing results. 

Hughes county — Hughes county has shown no production ex- 
cept two or three scattered gas wells. Several dry holes have been 
drilled. 

Pontotoc county — Near Ada, in the southwestern part of T. 4 N., 
R. 6 E., a dozen or more wells have produced gas from a depth of 
about 1,000 feet. The wells are of rather small volume; generally 
less than 5,000 cubic feet per day. Showings of oil were encoun- 
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tered but no oil production has been made. The field was most 
active in 1914 and 1915. 

The Allen pool lies in sees. 28 and 26, T. 5 N., R. 8 E. The pro- 
ductive area is small. A heavy oil was found at a depth of about 
800 feet. The wells had a small initial production ranging from 
3 barrels to about 60 barrels per day. 

Some encouraging showings have been found in other parts of 
the' county' but no important developments have come from them. 

Pottawatomie county — In 1915, an oil well was drilled near 
Haud in the southern part of the county. The production was small 
and no development has resulted. 

Coal county — The well developed anticlines in Coal county have 
been tested in several localities but have produced only moderate 
amounts of gas. The principal pool lies along the Coal-Pitts- 
b.urg county line, on the Savanna anticline, in Tps. 2 and 8 N. 
R.'il E. There are a dozen or more gas wells which had initial 
capacities of up to 12,000,000 feet. The gas is dry and gives no 
indication of oil. Several dry holes have been drilled in the imme- 
diate neighborhood. 

Some gas has been found in other localities but the develop- 
ments have not been important. 

Atoha county — Only a few wells have been drilled in Atoka 
county and they have been dry holes. 

Pittsburg county — The gas production along the line between 
Pittsburg and Coal counties has already been noticed. Some half 
dozen wells have been drilled near Quinton, in sees. 182 in T. 7 N., 
R. 18 E., on the Kinta anticline. The wells have capacities ranging 
up to 20,000,000 cubic feet per day. The gas is produced from dif- 
ferent sands, from 1,600 to 2,300 feet in depth. 

A few wells have been drilled at Blocker, west of Quinton and 
on th esame structure and some gas obtained. 

Several wild cat tests have resulted in failures or in small gas 
wells. A very deep test was drilled by the Gypsy Oil Company in 
sec. 6, T. 6 N., R. 14 E. This well was abandoned at 4^03 feet, and 
for some time, was the deepest drilling in the state but has now 
been surpassed by a well in the Billings pool which is over 4,400 
feet deep. A log of the Gypsy well is given in the appendix. 

Mcintosh county — ^There is a small oil production in the north- 
western comer of this county, which may be considered as an ex- 
tension of the Okmulgee district. 

Much drilling has been done in other parts of the county but 
only comparatively small amounts of gas and a few showings of 
oil have been found. 

Muskogee county — The southern extension of Muskogee county, 
which lies in this district, has some anticlinal structures near War- 
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ner and Porum. Theae have been drilled and only amall amounts 
of gna have been discovered. No production has been made. 

Haskell county — The anticlinal structures which cross Haskell 
county have been drilled, but like the rest of this district have 
shown only moderate quantities of gas. Some of the wells of the 
Quinton gas pool in Pittsburg county are over the line in Haskell 
county. Wells near Stigler and netfr Kinta have had some gas. 

Latimer county — ^The only development in Latimer county is a 
small amount of gas 4 miles north of Red Oak. The field has been 
abandoned. 

Le Flore county — The principal gas producing area in Le Flore 
county lies east of Poteau, in T. 7 N., R. 26 E., along the axis of the 
Poteau anticline. About twenty wells have been drilled, with ini- 
tial capacities of as great as 18,000,000 cubic feet per day. Wells 
drilled a short distance from the axis of the anticline are very smaH 
producers or dry holes. 

Some gas has been found in the northern part of the county 
near Spiro and Panama but the field is not active at present. Gas in 
considerable quantities has been found across the state line near 
Fort Smith, Ark., but no oil has been found. 

Sequoyah county — A small quantity of gas was found in a well 
drilled near Vian several years ago. The gas was .not utilized. 
Other wells drilled in the county have been failures. 

SOUTHERN OKLAHOMA DISTEICT. 

The Southern Oklahoma district as here considered includes 
the area south of the Arbuckle and Wichita mountains and between 
the two ranges. The region is underlain by Permian Redbeds which 
lie conformably over Pennsylvanian beds at a distance of a few 
miles from the mountains and on the truncated edges of Penn- 
sylvanian and older rocks in the immediate vicinity of the moun- 
tains. The accumulation in all the pools is controlled by anticlinal 
structure, the localization of which is due probably to the pres- 
ence of anticlinal ridges in the underlying pre-Pennsylvanian rocks. 
These conditions are discqssed more fully under the Healdton field. 

The following oil and gas pools are included in this district: 
Wheeler, Healdton, Fox, Two-four, Velma, Cement, Walter, LoctS' 
Duncan, Lawton, Gotebo and Granite. 

Wheeler pool — The conditions in the Wheeler pool were de- 
scribed in 1913 by F. Julius Fobs.* There has been very little 
development in this pool since that time since the pool has been 
completely overshadowed by the more important Healdton and Fee 
pools to the northwest and southwest. In the tight of later de- 
velopments in the region Fobs' statement of conditions is correct 
in practically all its features. Although unimportant commercially 
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the pool is of considerable scientific interest on account of Its bear* 
in^ on the accumulations in the other pools of the district. Fobs' 
description is therefore s^ven in full. 

*This pool, wbich derives its naiDe from an onbullt townslte In Wbeeler 
townatilp lu northeastern Carter couaty, Okla., Is represents tire in stmctnral 
features of one of the two types found in tbe Redbeds. a domed anticline, being 
aUnllar In cbarai?ter and parallel to ^at a shallower depth than the Petrolla 
pool in Texas. The other principal type of Btmctnre, deyeiopsd in the Electra 
pool br UddoL shows that both tbe important stroctnral types which control 
oil and gas accninalationB are represented in the BedbedSL 

"In a KOierBl way the anticline npon which the Wlieeler donte is located 
strikes northweat-sontbeast, parallelinK the general trend of tlie Arbnckle-Wlchita 
uplift, and being directly In line with the Criner Hill opllft It wooid appear 
therefore as probable that the direction of these post-PeDnsylvanlan uplifts was 
followed by later post-Pennlan folding of more gMitle character, paralleling and 
followii^ tbe old eetattliahed lines of weakness. Cross-folding almost at right 
angles is responsible for the doming. Tbe pre-Permlan beds were rery much 
more sharply folded, Inmed in fact almost upon edge. espe«^alty along Ibe Criner 
Hill uplift as well ns where the larger Arbnckle aplift Is approactted fnrtber 
nortli. so that tbe itosi-I'ennsylvsnian erosion which truncated them permitted the 
esoipe of moat of the oil and gas coutslned. leaving tliem only tbe tieavier resi- 
dues In the form of the asphalt deposits. Thns drilling In this vicinity to greater 
depth than tbe base of the Redbeds whose maximum tblcknew In tbe Wheeler 
field Is about 1,02S feet, appeiirs unwarranted, and n sheer waste of money ex- 
pended thereon. Heavy as this oil Is— 18 to 19 deg. Be. — it anwars extr^nely rea- 
sonable that since there Is sufficient in the way of shale-bed covering, to have 
prevented tbe escape of more voiatll; constituents, that tbe origin may best be at- 
tributed to a reconcent ration of the oil residues obtained during tbe process of 
erosion of the pre-Permlan beds. It appears more than co-incident that tlie heavy 
asphalt deposits alomc the notlb side of tbe Criner Hill uplift turned on edge 
aa H la, sboold be directly In line with the Wheeler dome. Fnrtber It Is worthy 
of note that the oil ^rln^s at tbe sntface In tbe Wheeler fleM, together with 
asphalt rock cropplngs represent what were previously oil accnmnlatlons In these 
upper beds, a fact already generally recognized, bot more ttian this, appear espe- 
cially here because tbey were accumulations dne originally to the dome structure, 
and therefore In n tiianner paralleling the main gas and oil sands btiow. facts 
that appear worthy of recognition in Ibe search for other nndevt^oped pools. 

"Three beds of commercial import appear In this field, the two upper ones 
■telDg chiefly gfls-bearing, the lower an oil sand with gas only at the crest of 
the dome. The uppermost lies about 385 feet almre the second, and (be latter 
292 feet average above tbe lowest or principal oil sand. The depth to the top 
of tbe oil sand varies from 9eo to SIO feet. Tbe surface altitudes at the tops 
of the wells range from 1.010 to 1.078 feet 

*nie main oil sand represents the basal sand bed of the Hedbeds and varies 
In character from due to very coarse almost gravelly sand, while Its thickness 
varies from 10 to 60 feet, and locally is entirely absent either due to old near- 
ahore channels or to Its being deposited aronnd old shale knobs, which means 
that even on the structure tbe oil is locally absent. The pool seems controlled 
by a dome where the top of .the sand rises from 60 to 140 feet abo\-e sea level, 
without tbe 60-foot contour salt water being euconntered while ai>ove the 125 
foot contour gas rather than oil is present in all except one Instance. Tbe gas 
aands above are not strictly parallel, but appear to have the crest of the domes 
■lightly to the southwest of that of the oU sand. The general trend of ttie an- 
ticline is north west- sou (Ilea at and the dome Is necesaarlly elongated In tbat dl- 
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rectlon, having a productive teugtb of three times its width. The gas Bands vary 
In thickness from 3 to 20 feet. Water aanda occut irregularly through the 
measarea and locally the deep sand hna a water cap. 

"Chances for proBtable pools northeast and southeast toward the outcrop 
of the Redheds appear negative, chances for small pools northweat where other 
domes are encountered are more encouraging, but of doubtful profltabte character, 
white southwest where the Redbeds tbicken. and parallel domed folds occur, the 
chancs are more pnMnising. especially toward the Texas bonndary line. We 
wish to acknowledge our Indebtedness to the operators for their kindness in this 
Investigation." 

The developments since the above was written have consisted 
in the drilling of several more wells which are of the same character 
as the early ones. The wells are small producers of a heavy, black 
oil. The initial production ranged from 5 to about 70 barrels of 
oil and up to 13,000,000 cubic feet of gas. The oil has a gravity of 
about 20 degrees Baume. Both oil and gas are piped to Ardmore. 
The oil is not refined but is used as fuel by the Santa Fe Railway 
which controls all the development. 

The first well was drilled in 1904, in sec. 21, T. 3 S., R. 2 W. By 
1917, some 125 wells had been drilled, most of which were producers. 
Several attempts have been made to extend the production beyond 
the present limits and some deep wells drilled by the Santa Fe, 
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failed to find any production below the 1,000-foot sand. From the 
well records it appears that the lower strata are steeply inclined. 
The development extends southeastward from the N. E. 14 sec 17, 
to sec. 35 with practically all the production coming from the S. ^ 
of sec. 17, E. 1^ sec 21, and S. W. V4, sec. 22, all in T. 2 S., R. 3 W. 

Healdton field — By far the most important 'field of the south- 
em Oklahoma district is the Healdton field, in western Carter 
county, which extends from the northwest part of sec. 31, T. 3 S., 
R. 3 W., southwestward across the north part of T, 4 S., R. 3 W., to the 
southeast corner of sec. 24. The producing area totals approxi- 
mately 12 square miles. The developed area is shown in fig. 82. 

This field has been rather fully described in two papers, one 
by C. H. Wegeman (Bull. U. S. Geol. Survey No. 621, 1915) and 
one by Sidney Powers (Econ. Geol. Vol. 12, No. 7, 1917.) Both 
tiiese papers are used extensively in the following description. 

A peculiar feature of the development is the straight line limit- 
ing the production on the southwest side of the field and the three- 
lobed effect on the northeast side. It is possible that future drill- 
ing may result in bringing these lobes together but at present this 
appears improbable. 

The surface rocks of the Healdton field are soft sandstones, 
gray, yellow and red in color, and red shales all belonging, pre- 
sumably to the Red beds of the Permian age.* These rocks are 
approximately 400 to 600 feet thicker over the Healdton field, and 
are underlain by gray to blue, Fennsylvanian shales and limestones 
with some sandstones from which the principal oil and gas produc- 
tion comes. The Pennsylvanian is underlain unconformably by 
Ordovician strata which seems to form a buried range of hills similar 
to the Arbuckle mountains and the Criner Hills except in that they 
do not reach the surface. This buried range of hills is responsible 
for the structure which controls the accumulation.* 

The structure is a large, elongated dome with several minor 
folds superimposed. The minor folding has had a pronounced ef- 
fect on the accumulation, the largest wells being on top. The minor 

•The series of rocks exposed In the Healdton field and also in the Intger stmc- 
tore in Tps. 8S, In Re. 3 and 4W, are indlBtlngulshable lltholigicallj from 
rocks near Red River which almost certainly belong in the basal part of the 
Trinity sand of the Comanchean age. The writer thinks It entirely possible that 
at least some of the rocks, especially the gray sand series so prominent in 
the hdrthem fold may be Comanchean in age although he Is not able to prove 
the point. The basal Trinity sand naturally contains moch reworked Permian 
material and the separation of the two systems Is very dlfiacnlt although they are 
separated by a considerable unconformity. 

•For a full dlscuBBlon of this point reference should be made to the paper by 
Powers cited above and others by the same author in Boll. Oeol. Soc. Amer., 
Vol. 28, 1917. p. 150, and In Bull. Am. Inst. MIn. Enp. No. 131, Nov. 1917. 
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structures are due to the unegualities of the old surface of the 
buried "Healdton Hills." 

Wegeman in his report states that the structure is not indi- 
cated by the topoj^raphy and gives the impression that it is not 
shown by the aurficial rocks. In this, however, the writer cannot 
asrree with him. The major part of the field lies on the high ridge 
which culminates at the township comer (Tpa. 3 and 4 S., Rs. 3 and 
4 W.). Also the surface rocks show unmistakable dips away ttom the 
axis of the structure. The bedding is so irregular that the minor 
structures can be made out with great difficulty if at all, but the 
main features are clearly shown. In making his contour map Wege- 
man depended entirely on correlation of sands by means of well 
logs. The sands are lenticular and it is very difficult to correlate 
them for any distance but the contour map prepared in this way 
probably represents the structure with a reasonable degree of ac- 
curacy. 

The producing sands fall into two groups. (1) The Healdton 
sands which underlie the entire field at depths of 750 to 1,150 feet. 
These sands are from two to five in number, are lenticular and very 
variable in thickness and are intercalated with blue shale. The ex- 
act age of these sands is questionable, but they are either basal 
Permian or at the top of the PennsylvanJan. They have yielded no 
fossils. In the main part of the field the Healdton sands are under- 
lain by Pennsylvanian limestone and shale which have not been pro- 
ductive of oil or gas. In the southeast extension, the Healdton 
sands are underlain by deeper sands which have been given special 
names, the Simpson and Jackson sands in sec. 16 and the Pu£^ sand 
in sec. 8. 

These sands are known to be of Pennsylvanian age from the 
fossils contained in. them, and are underlain at a short distance by 
rocks yielding Ordovician fossils, which probably belong to the 
horizon of the Simpson formation of the Arbuckle mountains. The 
deeper sands of the southeast extension are encountered at depths 
of from 1,150 to 1,860 feet. A well in sec. 4, T. 4 S., R. 3 W., found a 
small production of Ivgh gravity oil in an Ordovician aand at 2,716 
to 2,749 feet. This ia the only well in the field producing from 
known Ordovician rocks. Since these Ordovician beds are almost 
certainly very steeply tilted it is highly improbable that any pro- 
duction of importance will be obtained from them. 

The first well was brought in in August, 1913, in the N. E. V^ 
sec. 8, T. 4 S., R 3. W. This well was only a small producer (about 
30 barrels) but attracted considerable attention and was the cause 
of an enormous lease excitement and of much drilling being started. 
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By the end of the year 14 wells had been drilled and the possible 
production was estimated at 20,000 barrels. 

The history of the field since that time has been one of almost 
steady expansion and increase in production. The early develop- 
ment was retarded by lack of transportation and marketing fa- 
cilities and it was necessary to run much oil into storage so that 
the stored oil amounted to about 2,000,000 barrels at the end of 
1915. -The building of the Magnolia Pipe Line and of the Oklahoma, 
New Mexico and Pacific Kailway relieved this difficulty. The older 
part of the field has been well drilled and has fallen off greatly in 
production but so far the production of the field has been kept up 
by the discovery of new sands and new extensions from time to 
time. The most recent development is the southeast extension, with 
its deeper sands which has been noticed above. 

It seems probable that the field is past its maximum produc- 
tion. The central part of the field has been tested for deeper sands 
but the presence of Ordovician rocks, apparently dipping at high 
angles, renders it highly improbable that there will be any deeper 
production in this portion of the field. The southern side and the 
northwestern end of the field seem to be well-defined. The limits of 
the southeastern extension have not been determined (1917) and 
there is some chance of deeper production on the north side and 
also of production in the known sands in the areas between the lobes 
on this side of the field. 

The source of the oil in the Healdton field has been consider- 
ably in doubt. By many it has been considered that the oil proba- 
bly migrated into its present position from the steeply titled early 
Paleozoic rocks below, but the evidence seems to favor the origin in 
the Pennsylvanian rocks themselves. The small amount of oil found 
in the Ordovician rocks may also have originated in the Penn- 
sylvanian beds and have migrated downwards. This is by no 
means certain, however. 

The character of the Healdton oil differs from that of tha 
northeastern Oklahoma and Kansas fields in having an asphaltic 
base and a much lower percentage of the lighter constituents. Its 
value, therefore, is considerably less than the oils from the other 
Mid-Continent fields. The oil is generally black in color. The spe- 
cific gravities of the oil from different wells varies from 25 degrees 
to 35 degrees Baume with much the greater portion of it about 30 
degrees. In general the oil from the deeper sands is of higher 
grade than that from the shallow sands but there are many excep- 
tions to this rule. The well record of Carter county, including the 
Healdton and Wheeler pools is shown in the following table. The 
development in the Wheeler pool since 1913 is practically negligible 
in comparison with that of the Healdton pool. 
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WELL RECOBD OF CARTER ' 



OUNTY (HEALDTON 


FOOL.) 




WBlk Completol 




inltlkl ProduelloD 














3>I 310 13 




108,171 311.8 






BS.SIO 1B5.1 






B3,910 lt8.« 


S07 487 15 




*l.aM 11)0.3 



■dl uid Oai JouRul. 

i^oa: ^eW— The Fox field is located in T. 2 S., R. 3 W., Carter 
county, Oklahoma. It is at present (March, 1919) confined largely 
to sections 20, 28, 29, 32, 33 and 34. Most of the production is gas 
though considerable oil has been found. The initial production of 
individual gas wells in the Fox field ranges from 30,000,000 cubic 
feet to 50,000,000 cubic feet of gas, and the initial production of in- 
dividual oil wells from 40 barrels to 50 barrels. The main produc- 
tive horizon lies at a depth of approximately 2,000 feet. The pro- 
duction is very spotted and the well-logs show much variation in 
the deeper rocka within very short distances. The surface shows 
a well-developed anticlinal structure and the lower rocks seem 
to have much steeper dips than those at the surface. The wells 
start in Permian rocks and the production is probably from the 
Pennsylvanian. 

Two-Four poo(~The two-four pool is located in T. 2 S., R. 4 W., 
Stiephens county, Oklahoma. The production at present (March, 
1919) is coniined to sections 13, 14, 23 and 24. Some shallow pro- 
duction has been found in section 19, T. 2 S., R. 3 W., and it looks 
as if there may be an extension of the Two-Four pool in this town- 
ship. There are at present about 100 producing wells in the Two- 
four pool. The production for the most part is oil, the wells coming 
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Klg. 83.— Map showing producing areas of the Fox, Two-Fonr and Velma pools. 
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in with an initial production of from 6 to 200 barrels. Productive 
horizons are found at the following depths : 300, 525, 600 and 1,050. 
Most of the production at present is from the shallower sands, only 
one or two wells having been drilled deep enough to encounter the 
1,060 foot horizon. The pool is located on the western extension of 
the structure on which the Fox pool is located and the general geo- 
logic conditions are the same as in that pool. 

Velma Pool — ^The Velma pool as developed at present 
(March, 1919) is in section 86. T. 1 S., R. 5 W., and section 1, T. 2 S., 
R. 5 W., Stephens county, Oklahoma. Both gas and oil are found, 
but as only a few wells have been drilled it is impossible to predict 
the future of the field. 

The productive horizons are at a depth of approximately 500 
and 600 feet. 

The pool ia located on the crest of the same large anticlinal 
structure which extends from T. 2 S., R. 3 W., across T. 2 S., R. 4 W., 
and which controls the accumulation in the Fox and Two-Four 
pools. The location and producing areas of the Fox, Two-Four and 
Velma pools are shown in fig. 83. 

Cement field — As developed at present (March, 1919) the Ce- 
ment field is located in section 31, T. 6 N., R. 9 W., section 36, T. 6 N., 
R. 10 W., and section 6, T. 5 N., R. 9 W., Caddo county, Oklahoma. 
There are about four producing wells in this field at the present 
time. The Fortuna Oil Company's, Gregory No. 1 in the W. V2, S. W. 
Vi, section 31. T. 6 N., R. 9 W., had an initial production of 30,000,000 
cubic feet of gas. The initial production of oil wells ranges from 
60 to 125 barrels. The main productive horizon is at a depth of 
about 2,300 feet. 

Walters field — The Walters pool as developed at present (March 
1919) is located in T. 1 S., R. 8 W., T. 1 S., R. 9 W., T. 1 S., R. 10 W., 
and T. 2 S., R. 10 W., in Cotton and Stephens counties, Oklahoma. 
There are at present about 30 producing wells in this field. Both oil 
and gas are produced. The initial production of individual oil wells 
ranges from 20 barrels to 285 barrels, and some of the gas wells 
have an initial production of as high as 60,000,000 cubic feet. The 
productive horizon is at a depth of about 2,150 feet. 

The surface rocks are Redbeds and the exposures are few. 
However an anticlinal structure seems to be indicated. 

Loco gas pool — The Loco gas pool lies along the border of Steph- 
ens and Jefferson counties in the east-central part of T. 3 S., R. 5 W. 
No oil has been produced from this field but several gas wells with 
initial capacities of up to 20,000,000 feet hace been drilled. The pro- 
ductive area is on the southeastern end of an anticlinal fold and 
includes all or parts of sections 9, 10, 14 and 15 T. 15, T. 3 S., R. 5 W. 
The productive sands are at depths of 650 to 750 feet below the sur- 
face and are thought to lie at the base of the Permian. Deeper 
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wells which have penetrated the underlying Pennaylvanian have 
had showings of oil and gas. The field was first drilled in 1913. 
Attention was attracted to the area by the presence of asphalt seeps 
which had been known for many years. 

The field is now largely controlled by the Lone Star Gas Com- 
pany which has a pipe line connecting with their main line from 
the Fetrolia field to Dallas and Fort Worth. 

DuTUMn gas pool — ^The Duncan (also known as the Hope and 
the Cruce) gas pool lies at the north end of a plunging anticline, 
principally in section 12, T. 1 N.; R. 6 W. About a dozen gas wella with 
initial capacities of from 3,000,000 to 18,000,000 cubic feet per day 
have been drilled. The production comes from a depth of about 
850 feet. The general geologic conditions are similar to those of 
the lioco pool. The gas is piped to Duncan and neighboring towns 
but the supply is scarcely sufficient to furnish this local demand in 
cold weather. 

Lawton pool — The Lawton pool is located about 5 miles east of 
the city of Lawton. The first well was drilled in 1904 and drilling 
has been almost continuous since that time, but it has been on a 
small scale and the field has never attracted a great deal of atten- 
tion. Twenty barrels per day is reported as the maximum pro- 
duction of a single well. Some of the gas wells have capacities of 
up to 500,000 cubic feet. The gas is piped to Lawton and the sup- 
ply has not been in excess of the demand for domestic purposes. 
The production is from sands near the base of the Redbeds at about 
320 to 400 feet below the surface. 

Gotebo pool — A considerable number of wells have been drilled 
south of Gotebo in northwestern Kiowa county. The geologic con- 
ditions are practically the same as for the other pools in the Red- 
beds area near the Arbuckle and Wichita mountains. The surface 
rocks are Redbeds sandstones and shales with some conglomerate. 
These rocks lie nearly level and lap over the granite and older Pale- 
ozoic rocks which are exposed in the mountains. Most of the wells 
are from 300 to 400 feet deep. The oil and gas probably are de- 
rived from the older rocks below the Redbeds. The structure of 
the pool has not been determined. The production of the wells is 
small and none of the gas wells have shown more than 500,000 cubic 
feet daily capacity and the oil wells have less than 20 barrels initial 
production. Over 150 wells have been drilled, of which the greater 
part are oil wells. 

Development of Granite — During the years 1901-1906 seven 
wells were drilled in the vicinity of Granite in northeastern Greer 
county. One well on the townsite encountered granite at 380 feet 
and drilling was stopped. A well northwest of town found oil at 
a depth of about 180 feet, but the production was only about 3 bar- 
rels per day of a heavy oil. In an effort to increase the production 
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by ahootins, the well was destroyed. The other wells in the same 
vicinity were lost. A deep well about 7 miles north of town was 
drilled to a depth of 2,135 feet. Several sands were encountered 
and several good showings of oil and gas were reported, but no pro- 
duction was developed. The Redbeds in this well had a thickness of 
about 900 feet, showing that the thickness increases very rapidly 
to the north of the mountains. Only sandstones, shales and con- 
glomerates were reported in the log. 

In April, 1919, a well was completed in section 25, T. 7 N., R. 21 W. 
north of Granite. It is reported as good for 50 barrels of oil, and 
as having a good flow of gas, but to be making some salt water. 
The depth is 978 feet. 

BED RIVEB LIMESTONE ABBA. 

The geologic conditions of this area with reference to the ac- 
cumulation of oil and gas have been discussed rather fully in a 
previous section and the remarks need not be repeated here. The 
only development in the region which has attained any importance 
is the pool at Madill. 

MadiU pool — The Madill pool was discovered in the summer of 
1906. The principal development was on the Arbuckle farm in the 
S. W. M, sec. 25, T. 5 S., R. 5 E. Considerable drilling was done, but 
the pool was never extended very far beyond the limits of the Ar- 
bucUe farm and the number of producing wells was never very 
great. There has been no marked development in the pool since 
about 1910 when there were only a few producing wells out of a 
large number of holes that had been drilled. The production was 
never very large and for some time was between one and two tank 
cars per month. Recently the production has practically ceased on 
account of the sands becoming clogged with paraffin. The highest 
initial production of any of the wells was reported at 1,000 barrels, 
but according to some observers did not exceed 400 barrels. The 
oil is a very light oil, having a si)ecific gravity of 47.5 degrees 
Baume, making it by far the lightest oil so far found in Oklahoma. 
The base is pure paraffin with no trace of asphalt. On diatillation 
the crude yields about 60 per cent light oil, of which almost one- 
half is gasoline. The oil is shipped in tank cars from a loading 
switch near MadiU. 

About 1912 a small deposit of heavy oil was found near Manns- 
ville, which attracted some attention but nothing important de- 
veloped. Some gas was found near Lark, west of Kingston, but the 
field proved to be very small. 

The district has been pretty well tested and the probabilities 
of finding any large pools seem to be very small. 
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OIL AND GAS FIELDS OF TEXAS. 

As has been stated, only those fielda in Texas in which the oil 
and gas occur under conditions similar to those of the fields of Kan- 
sas and Oklahoma, are considered in this book. The Gulf Coast 
dome pools differ in so many ways from the other pools that they 
cannot be considered as coming in any way under a discussion of 
the Mid-Continent fields. Certain pools in the Cretaceous area of 
Texas may in a way be considered intermediate in type between 
the typical Mid-Continent fields and the Gulf Coast domes, but their 
relations to the folds of the Pennsylvanian-Permian area are much 
closer than to the domes and they are considered in this connec- 
tion. The principal pools of the type just mentioned are the Corsi- 
cana, Mexia-Groesbeck, and the Caddo pool of Louisiana and Texas. 
For convenience of discussion the production of the Pennsylvanian 
Permian area are considered under the counties in which they oc- 
cur. The principal producing counties are: 

Wichita — with the Electra and Burkburnett pools. 

Clay — with the Petrolia pool. 

Palo Pinto — with the Mineral Wells and Strawn pools. 

Stephens — with the Caddo and Parks or Breckenridge pools. 

Eastland — with the Ranger field. 

Comanche — with the Duke or Desdemona pool. 

Brown — with the Brownwood shallow pool. 

Several other counties have some small development and these 
are also noted briefly. 

The development in the Cretaceous and Gulf Coast areas are de- 
scribed under the pools, which are: 

Corsicana oil and gas Held. 
. Mexia gas field and 

Thrall oil field. 

The Caddo field extends into Texas for a short distance but is 
considered under Louisiana. Several minor occurrences of oil or 
gas in this region are noted briefly. 

PENNSYLVANIAN-PERMIAN AREA. 

Wichita and Clay Counties. 

electha-petkolia district. 

The Electra-Petrolia district is located near Red River in Clay 
and Wichita counties, extending from the Wilbarger-Wichita county 
line about 3 miles west of Electra, eastward across Wichita county 
and into northern Clay County to 4 or 5 miles of Petrolia. The 
total length of the district is about 35 miles. 

The surface rocks are the Redbeds of the Wichita formation 
and consist of red shales with thin, lenticular, cross-bedded sands. 
There are no beds within the area which are persistent enough to 
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be correlated from place to place and the determination of the 
structure at the surface must depend on the interpretation of local 
dips. These are short and more or less conflicting but seem to show 
a broad, low fold with its axis extending as described above.* 

The Permian rocks, principally Redbeda, are supposed to be 
about 900 to 1,000 feet deep. The underlyinjr rocks are, for the 
most part, Pennsylvanian in age, but the lines between the for- 
mation exposed farther southeast have not been drawn. Some thick 
limestones in the deeper drillings have generally been considered 
to represent the Canyon formations, while it has also been sug- 
gested that the deepest limestones represent the Arbuckle-or Ellen- 
berger limestone and that the structure of the district is due to a 
buried range of hills of the Arbuckle mountain type. 

Both the Standard and Rotary methods of drilling are used, as 
well as combinations of the two methods. In many wells the Ro- 
tary is used for most of the depth but the cable tools used to drill 
through the zones where production is probable. 

The district comprises the following pools: Electra, BurkburT 
nett, Holliday, Iowa Park and Petrolia. These are described briefly 
in the following paragraphs. 

The location and approximate size of the producing areas are 
shown on flg. 84. 

Electra pool — The Electra pool is located in the west central 
part of Wichita county. The productive area occupies a belt about 
10 miles long east and west, with an average width of about 4 
miles, and a second somewhat smaller area lying to the south with 
its long axis extending in a north and south direction. 

Development began in 1911 and has continued uninterruptedly 
to the present. 

The oil sands fall into three groups according to Udden.* 

The Deep Group sands lie deeper than 1,700 feet. It consiata 
of several sands, all of which are more or less lenticular and not of 
great thickness. 

The Middle Group sands He at about 1,000 feet. In most wells 
there are two sands in this group although several strays are re- 
ported. The two main sands also seem to split into thin sand beds 
separated by clays. 

The Shallow Group sands are between 500 and 700 feet below 
the surface. They have not been very productive in the Electra 
pool, and are generally very lenticular. 

In general the shallow sands have given small wells, less than 
100 barrels initial production. The deeper sands have been more 

*0p. cit. pp. 96 et seq. 

•Udden, J. A. ReconnalBsance report on the geoloe^i of the oil and gns fleWs of 

Wlchltn and CJay counties. Tesns. I^nfv. of Tesns Bull Xo. 2441, 1012. 
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FiK- Si. — Map showing producing areas In the Elect ra- Pet rulia district, 
prolific, many of the wells having been of the grusher type and hav- 
ing initial productions of as high as 1,500 barrels per day. 

The ojl from the Electra pool is of high grade averaging about 
41 degrees Baume in gravity and containing practically no sulphur 
or asphalt. 

Burkbumett pool — For all practical purposes the development in 
the vicinily of Burkbumett may be considered as part of the Electra 
pool, with which it is practically continuous, llie same group of 
sands are productive and show the same lenticular and broken 
character. The depth to the sands becomes slightly less toward 
the east. The character of the oil and the size of the wells is 
about the same as for Electra. 

Quite recently, in the summer of 1918, oil was discovered on 
the Burkbumett townsite and the resulting "boom" has been un- 
doubtedly the moat feverish so far in the Mid-Continent fields. On 
account of the enormous interest vrhich this pool has attracted 
rather than on account of its real importance the following detailed 
account of the conditions is given. 

THE BURKBURNETT OIL FIELD. 

By L. W. KESLER. 

Burkbumett, Texas, is located in the northeast quarter of 
Wichita county, approximately one and one-half miles southwest 
of the Red river, and fourteen miles west of north of Wichita 
Falls, Texas, on the Wichita Falls and Northwestern Railroad. The 
townsite of Burkbumett is approximately 3,500 feet long and 1,900 
feet wide and comprises forty blocks, eight blocks long and five 
blocks wide. The Burkbumett Oil Field includes this townsite and 
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the surrounding country for a distance of from two to three miles. 

The field is located physiographically in the northeastern part 
of the North Central plains of Texas, approximately 55 miles west 
of the Grand Prairie region, and 125 miles east of the Llano Esta- 
cado or Staked plains. It is due north of the Central Mineral 
(Llano-Burnet) region of Texas. 

The surface rocks or formations covering this part of Texas are 
entirely of Permian age. No rock outcrops occur in close proximity 
enough to the field to permit the determination of the structure nor 
the probable size of future extent of the field. Much can be and has 
been accomplished however, by means of subsurface geology or by 
the use of logs of wells drilled to the present time. The following 
data has been obtained by the latter method. 

There is but one producing sand of any consequence in the 
townsite and areas in close proximity. This sand is found at depths 
varying from 1,518 to 1,735 feet, and has a thickness varying from 
15 to 60 feet. Over moat of the area, however, it varies from 30 to 
50 feet in thickness. There are very few breaks of clays or shales 
found in the sand. The thickness is not as great on the southwest 
of the townsite, some of the sand being replaced by blue shales and 
thin limestone. 

The elevation of most of the producing wells in the townsite is 
from 1,055 to 1,060 feet above sea-level. This will vary in a few 
cases from 970 to 1,080 feet. Logs of the field show that the rocks 
dip northeast on the northeast side of the townsite, and wells located 
too far in northerly and easterly directions run into salt water. The 
highest point in the sand so far drilled into is at the southwest 
corner of the townsite. The dip is east and west from this point. 
Further information at this time is not available. 

For several years, petroleum has been found on various occa- 
sions within a few miles of the Burkbumett townsite and production 
in the vicinity at the time the "Discovery" well was drilled into the 
sand, amounted to several thousand barrels per day. One of the 
first of these wells to come into production in the northern part of 
Wichita county, after the Electra oil field, was the No, 1 Smoker, 
drilled by the Magnolia Petroleum Company in block 30 of the Red 
River Valley Lands, 

But the real "Discovery" well of the Burkbumett townsite was 
the Fowler well located on the northeast edge of the townsite. This 
well was drilled by the Fowler Farm Oil Company, organized by 
Mr. S. L. Fowler with local capital and capitalized at $12,00.00 
on an acreage of approximately 300. It was drilled into the oil 
sand between July 18 and July 22, 1918, and had an initial produC' 
tion around 2,000 barrels per day. It may be said that this well 
was the beginning of activity which, within the brief period of six 
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monthB, brought about one of the best known and, in many ways, 
the most remarkable oil boom ever known in the United Statea. 

During the period while the Fowler "Discovery" well was drill- 
ing, leases were being taken in the vicinity at about $^5 per acre. 
In January, 1919, six months later, one email lease in the town- 
site proper is reported to have sold at the rate of $20,000.00 per 
acre. There are few oil and gas leases, if any, in the world which 
have brought such fabulous figures. At the present time it is not 
uncommon for leases with no production and not located where pro- 
duction is certain, to sell for $15,000.00 per acre. Such excessive 
prices for acreage are obtained only in the Burkbumett townsite, 
but it holds true that acreage throughout the whole of Wichita 
county is held at an extremely abnormal rate. 

The value of the land as represented by the capital stock of 
some of the smaller companies is much greater than this. 

During the first period of the field oil companies were formed 
at low capitalizations and on sufficient acreage to be attractive prop- 
ositions to fhe conservative investor, but as the field grew capitaliza- 
tions increased and acreage decreased until it is now not uncommon 
to note companies formed with capitalizations of from $80,000.00 
to $100,000.00 and a total acreage of less than half an acre. 

The production of the Burkbumett Oil Field (Townsite and 
surrounding country) by months from the opening of the field 
through January, 1919, follows: 

July 1818 - 17,714 Bbls, per day 



Norember, leiS . 
December. 19 IR . 
Jinuiry, 1819 . 



The above production for January of 45,000 bbls. per day was 
produced by 1,650 wells, both shallow and deep. Of this production, 
approximately 35,000 bbls. are free oil (can be sold to any 
buyer) and approximately 10,000 bbls. are controlled by the follow- 
ing companies: 

Macnalia Pnraleura Co. I.SO* Bbte. 
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The total piwiuction of 45,000 bbls. per day is purchased by the 
following companies : 

UagDolLa Petroleum Co. SAM Bbls. par dXT 

Tsiu Co. ll.SOO " " " 

PinhftDdls Rsflnlng Co t.iM " 

BurkburuBtt Reflnlng Co, l.OOO " " " 

Humble Oil * Roflnlng Co. i.ttt " " " 

tlborty Pipe Line Co 3.IM '■ 

Weilem Oil CorporUlon 1,601) " 



1(.31S 

The above companies shipped out of Burkburnett during the 
month of January, 2,300 tank cars, a total of 572,000 barrels of 
petroleum. Petroleum received by the pipe lines for the same month 
amounted to 1,355,000 bbls.; that delivered by the pipe lines, 1,- 
S52,000 bbls. ; stock on hand, January 1, 1919, 155,000 bbls. 

Two typical logs of wells in the Burkburnett townsite are 
given in the appendix. 

One of these is that of the Taylor No. 1, Gulf Production Com- 
pany, located twenty feet each way from the northeast comer of 
block No. 34, town of Burkburnett. Drilling was begun on this 
well August 8, 1918, and completed Nov. 12, 1918. The oil sand was 
reached at a depth of 1,682 feet and was drilled in for 15 feet, mak- 
ing a total depth of 1,697 feet. Its initial production was 200 bar- 
rels per day. On Feb. 19, 1919 (latest report available) it was still 
holding up to its initial production. 

The other log is that of the Gillis No. 1, R. O. Harvey, et al, 
located 150 feet each way from the northeast corner of the south 
five acres of outer block No. 15, town of Burkburnett. Drilling was 
begun August 15, 1918, and completed August 31, 1918. The oil 
sand was entered at a depth of 1,657 feet and drilled into for 26 
feet, making a total depth of 1,683 feet. Initial production of this 
well was 1,500 bbls, per day. On Feb. 19, 1919, the production 
had decreased to 640 barrels. 

The boundaries of the Burkburnett pool are fairly well de- 
termined except on the north-west. The field is atill being ex- 
tended in this direction with considerable success. On the northeast 
or Red river side, the pool may possibly extend across the river, 
but this seems doubtful due to the strong northeast dip here shown 
by sub-surface results previously mentioned, and also due to the 
fact that several wells located too close to the river on the Texas 
side have run into salt water. 

On the southeast of the field, the Humble Oil and Refining Com- 
pany have completed two tolerably deep test holes both dry. One 
is the W. C. Myers No, 1, 200 feet each way from the northeast 
comer block No. 5, Red River Valley Lands survey. This well was 
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dry and abandoned at 2,300 feet. It ia approximately 2^ miles 
southeast of the Burkbumett townaite. The other Humble test i» 
the C. S. Maxwell No. 1, dry and abandoned at 2,007 feet, 250 
east, 25 feet aouth of the northeast comer of block No. 104, 
Red River Valley Lands Survey, and located in block No. 1, John 
Deck Survey. Thia well is slightly less than two miles south-east 
of the Burkbumett townsite and approximately one mile north of 
the W. C. Myers No. 1 previously mentioned. These two tests aid 
materially in determining the boundaries of the field on the south- 
east side. Logs of these wells are given in the appendix. 

On the south and southwest sides of the field, there were on 
Feb. 1, 1919, eleven dry holes evenly distributed on a northwest- 
southeast line over two miles long. This line passes the southern 
comer of the townsite at approximately 1,000 feet distant, and may 
- be considered as a distinct and well determined boundary of deep 
production on the south and southwest sides. Shallow production, 
however, extends farther to the south. 

At the present time the production of the Burkbumett oil field 
as a whole is slightly on the increase. The apparent reason for this 
is because of the large number of new wells which are constantly 
being drilled into the sand, and because of the fact that the total pro- 
duction includes that of many shallow wells about the outskirts of 
the field proper (mostly aouth and southwest) . These shallow pools 
are now getting much of the attention and development which, 3 
months ago, waa going into the deeper and larger wells more cen- 
trally located in the field. 

The townsite has gone through that history which all oil fields 
go through, particularly those controlled by the small operator, 
namely, the location of far too many wells to the acre. Every little 
building lot has a rig upon it; every back door yard has a well 
all its own; and to look at the townsite from a distance, the 
stranger would swear that the legs of the derricks were "crossed." 
The fact is, many derricks are set up 20 feet apart. One 
derrick is squeezed in between two little houses, so that the legs are 
within a foot of a house on either side. 

The inevitable result has already conie upon the townsite. The 
production of the wells on the latter ia beginning to decrease, and, 
in many cases, very rapidly. Without doubt, the center and heart 
of the field has gone over the top and ia well on the downward path. 
The thickneas of the sand ia sufficient to give much production for 
some time to come, but the "ftush" production must necessarily de- 
cline very rapidly with ao many wella in the sand. 

During the early summer of 1919 the principal interest in the 
Burkbume tt field was transferred to the northwest extension where 

*Shaw. E. W,. Gas nortb and west or Ft. Wnrtli. Bull. U. S. Ceol. Survey No 
B2fl. pp. 25-41. 1916. 
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the conditions just described for the townsite have been repeated. 
The northwest pool is still undefined (Aug. 1, 1919) and its true 
capabilities are not known on account of the lack of pipe-line fa- 
cilities. It is capable of making a very large production, however. 

lovfa Park pool — There has been some development near Iowa 
Park in the south central part of Wichita county. The production 
has been principally in the shallow sands and the wells have been 
small producers. 

HoUida/y pool — ^The Holliday pool lies in Archer county, just 
south of the Wichita county line and north of the town of Holliday. 
The producing area is small and the wells of very moderate size. 
The production is about 100 barrels per day. 

The well record for Wichita county since 1911 is shown in the 
following table which reflects the history of the field very closely. 

RECORD FOB WICHITA COl'STV, TEXAS. IBll-lBlB. 



•Oil and Gu Jourail. 

Petrolia field* — The Petrolia field, also called the Henrietta 
field, lies just south of the town of Petrolia in northwestern Clay 
county. The producing area is roughly elliptical extending about 
4 miles from southeast to northwest and 3 miles in the opposite 
direction. 

The general geologic conditions are entirely similar to those of 
the Electra and Burkburnett fields, except that the productive 
groups of sands are at somewhat less depths than in those pools. 

A group of sands lying at from 150 feet to 300 feet below the 
surface give small but long-lived oil wells and very little gas. The 
deeper sands give large volumes of gas under high pressure and 
very little oil. The principal gas-producing sands are from 1,500 
to 1,760 feet below the surface. The gas wells had initial volumes 
of from 10,000,000 to 40,000,000 cubic feet per day, and closed 
pressures of as high as 470 pounds per square inch. The pressure 
and initial capacities of new wells are now about one-half of the 
original magnitude. The Petrolia field is the oldest in north- 
western Texas. The first oil was shipped in 1904 although oil' 
had been known in shallow wells for several years previously. From 
1904 to 1907 the development consisted entirely of oil from the 
sands at about 300 feet. In 1907 the first gas well was brought in 
and the pool has since been more important as a gas producer than 
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for oil. The Vas produced to 1916 ia estimated at 50,000,000,000 
cubic feet. The gas is piped to Fort Worth and Dallas. 

The following table gives a summary of the field operations of 
the field since 1905 and statistics in regard to the oil production. 

RECORD FOR FETROLIA (HENRIETTA) FIELD, ISOg 191S. 

UiTteted 
Wtll Record Initial Production Production 

Ymi' ToUI oil Dry Gai Total BbU. Art. BWi. Bbl«. 

i»ag M 18 5 i — — aii.m 

IBOll M !0 15 II 4M M.i 180,784 

Iill() It SS 37 .. 1,331 SS.O ISJ,33I 

leil 19 7 S3- «B ».» lSg,J2« 

19U iO 6 10 4 3IS 52. S 233,281 

ins 171 112 4i 4 2,678 21. B 158.830 

1>14 Ite 80 32 14 1,»S8 24. S 550,581 

191 S 8 t 13 273 S8.3 349,8ST 

191 « - 17 « 3 S 285 47.5 302,145 

1017 19 8 8 S l.OSO 05.5 273,22* 

1018 I — 24S,558 

Archer coanfy— The only development of note in Archer county 
is that near Holliday, which has been noticed as part of the Electra- 
Fetrolia district. 

In 1913, a small oil well was brought in in the southeastern 
part of Archer county, near the Young county line, but further drill- 
ing in the vicinity failed to find production. 
Jack County. 

Jack county is underlain by the rocks of the Pennsylvanian sys- 
tem. The Strawn formation outcrops in the southeastern portion; 
the Canyon formation in a belt diagonally across the central part 
of the county from southwest to northeast; and the Cisco forma- 
tion in the northwestern portion. A few square miles in the ex- 
treme southeastern portion of the county is covered by the over-lap 
of the Trinity sands of the Comanchean. 

The structure is normally a dip of about 60 feet to the mile in 
a general northwest direction. Locally, the dip is interrupted by 
gentle terracing and there is some faulting in the western part of 
the county. 

The only production from Jack county has been a small quan- 
tity of heavy oil from the vicinity of Avis. Several wells have been 
completed but the production was very small and has been exhausted. 
A refinery of 300-barrel daily capacity was built at Avis in 1915 to 
utilize this oil which is said to be of exceptional value for lubri- 
cants, but the supply was not sufficient to keep the refinery running 
and other crudes had to be shipped in. Deep teats in the vicinity of 
the shallow oil have failed to give any favorable results. 

Two deep wells in the vicinity of Cundiff, northeast of Jacka- 
boro had no production to about 3,000 feet. A well near Vineyard, 
southeast of Jackaborp, was abandoned as dry at 2,680 feet. Two 
wells are drilling on the Cherryholmes ranch east of Jacksboro, one 
at 2,900 feet and one at 200 feet. 
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Young County. 

Young county lies immediately west of Jack county. The Can- 
yon formation outcrops in the extreme southeastern portion; the 
Cisco formation covers the greater part of the county and the Wich- 
ita-Albany the northwestern part. The change from the non-red 
Albany facies to the red Wichita facies takes phice largely in this 
county and the rocks in the northwestern comer are typical Redbeds. 
The structure is the normal northwest dip of the region with very 
few important variations from the normal. 

There has been no production of either oil or gaa. A well 
drilled to about 4,000 feet on the De Freest ranch in the south- 
eastern part of the county near the Palo Pinto county line, had a 
small How of gas and a good showing of oil, but failed to develop 
any production. A well near South Bend, southwest from Graham, 
also had some showings but is still drilling at about 4,000 feet 
Two wells in the western part of the county have also had some 
showings but are still drilling at 4,000 feet and 2,000 feet. Two or 
three other tests have been started but are not deep enough to give 
any results. One well recently (July, 1919), gave promise of being 
a very good producer, but finally turned out to be a small pumper. 

Throckmorton County. 

This county is underlain principally by the Albany-Wichita for- 
mation. The limestones and blue and gray shales in the southern 
part of the county grade into Redbeds in the northern part. The 
normal northwest dip is interrupted locally by small variations due 
to very gentle folding and also by small faults. 

Two small gas wells were drilled on the Matthews ranch in 
the southern part of the county. 

There is very little activity in the county at present. 
Shackelford County. 

The Cisco formation outcrops in the southeastern part of th« 
county and the Albany or non-red facies of the Wichita formation 
forms the surface rocks over the greater part of the area. Varia- 
tions from the normal northwest dip are few. 

Moron pool — ^The only development of any importance in the 
county is the Moran pool in the extreme southeastern part of the 
county. The productive area is a short distance southwest of 
Moran. The surface rocks are shales and sandstones of Cisco age 
and do not show any pronounced structural changes from the normal 
dip. The productive sand is at a depth of about 2,500 feet. The 
oil is a fairly light oil averaging about S5 degrees Baume. . 

The first oil wells were brought in in 1913 when two wells, one 
with an initial production of 40 to 50 barrels and the other with 
200 to 300 barrels, were completed. During 1914, 1915 and 1916, 
development continued but the results were more or less disap- 
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pointing since the productive area proved to be small and spotted, 
although quite a number of satisfactory wells were brought in. The 
production for the pool in 1916 waa 135,608 barrels, or less than 
400 barrels per day, and there has been conaiderable decline since 
that time. 

Gas from the Moran pool is piped to neighboring towns but 
the supply is not large. 



Outside the Moran pool, wells are drilling neaj Albany. The 
deepest test is over 31,000 feet deep. It had a good showing at 
about 1,000 feet and this sand is to be tested by other wells. Some 
4 or 6 other tests are drilling at depths between 200 or 300 feet 
and 2,200 feet. 

, JACK COUNTY 



YOUNG COUNTY ' 




EASTLAND C9~ ERATH COUNTY 

Tg. 85 — Sketch map of Falo Flnto conoty sbowlng proilncing areas and ap- 
proximate locatlODe of deep tests. 
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Palo Pinto County, 

Palo Pinto county is on the eastern edge of the Pennsylvanian 
area. Considerable areas in the eastern part of the county are- 
covered by the overlapping sands of the Trinity division of the Co- 
manchean. The outcrop of the Strawn formation occupies over 
one-half of the area of the county and the lower part of the Canyon 
formation makes a pronounced escarpment, known as the Palo 
Pinto mountains, in the western part. Variations from the normal 
northwest dip of the Pennsylvanian area are few and slight. 

The productive areas in Palo Pinto county are the Mineral" 
Wells gas field and the Strawn oil and gas field. 

These areas and the approximate locations of the deep wells- 
drilled in the county are shown in fig. 85. 

Mineral Wells Gas Field, 

(By ¥. W. REEVES AND W. C. BEAN.) 

The -Mineral Wells gas field is located south of Mineral Wells^ 
three to four miles west of the eastern border of Palo Pinto county,. 
Texas. The field extends about four miles in a north>south direc- 
tion. 

The first well in this field was drilled in 1915 on the farm of 
Mrs. J. E. Hess. In this well the producing sand was struck at a 
depth of 1,035 feet. Since that time about a score of wells have 
been drilled in this vicinity, twelve of which have produced gas, 
the production ranging from one to ten million cubic feet. None- 
of these wells have produced any oil. 

In the spring of 1917 a well on the J. A, Chestnut farm at the- 
southern end of the field was completed, in which a gas sand was- 
struck at a depth of 4,060 feet. This well produced about fifteen 
million feet of gas and a small quantity of high gravity oil. 

The rocks exposed in the Mineral Wells gas field are mainly 
sandstone, blue and gray shales belonging to the Strawn series of 
the Pennsylvanian system. Occasionally thin limestones are en- 
countered, interbedded with the sandstones and shales. Just east 
of the gas field a heavy bed of conglomerate outcrops, which also- 
belongs to the Strawn series. 

Near the southern end of the field the rocks exposed have a 
north-northwest dip of about 50 feet per mile. Farther north, in 
the neighborhood of the Hess wells, the dip swings to the west- 
nortiiwest and becomes somewhat steeper. There are no closures in 
the surface contours in any part of this field. Contours on the 
thousand foot gas sand show a small terrace near the J. W. Glover 
and Noble wells and another terrace near the Edmondson No. 2 gaff 
well. However, it seems probable that the accumulation of gas in- 
this sand is due mainly to the lenticularity of the sand rather than, 
to its structure. 
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As noted above, the gas in the Mineral Wells Held comes from 
two different horizons, one at a depth of about one thousand feet 
and the other at a depth of 4,060 feet. The first sand varies in 
thickness from 5 to 35 feet. It thins rapidly toward the south and 
east and was not encountered in the Chestnut, Terry and Forbesa 
wells. This producing horizon belongs to the Strawn series. In the 
Chestnut well a producing sand was encountered in the Bend series 
at a depth of 4,060 feet. Owing to the small size of the hole at 
this depth and to the gas pressure it was impossible to penetrate 
this sand more than a few feet. The gas from this sand carries a 
small amount of high gravity oil and it is possible that this horizon 
will produce oil on further development. This productive horizon 
was not encountered in the Oaks well three miles north of the 
Chestnut nor in the Smith well three miles east of Mineral Wells. 
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Fig. 86.— Derelopmenl of the Mineral Wells gas field. 
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The gas from this field is distributed for domestic consumption 
in the city of Mineral Wells and is also used for fuel at the Acme 
Bnck Works at Bennett. 

The development in the early part of 1919 is shown in fig. 86. 
*••♦* *«*«•* 

Stravm pool—The Strawii oil and gas pool lies in the extreme 
southwestern part of Palo Pinto county. The productive area is a 
belt about one mile in width and 8 or 9 miles long, extending nearly 
north and south. The oldest and most thickly drilled portion of 
the field lies about 2 miles west of Strawn. 

The surface rocka belong to the Strawn and Canyon forma- 
tions. The structure as mapped by the United States Geological 
Survey* shows a small closing dome on a pronounced terrace. Other 
geologists have failed to find closing structure. The production is of 
both oil and gas, the gas wells being more numerous in the south part 
of the field. The productive horizon is at a depth of from 800 to 
1,000 feet. 

The first oil wells were drilled in 1916 and for the next year 
or two development was quite active but late in 1917, attention 
was transferred to the Ranger pool and the Strawn pool has been 
only moderately active since. 

The following table giving the well record for Palo Pinto county 
for 1915 to 1917 shows the number of wells drilled, except the 
first gas wells and the average size of the wells as well as the pro- 
duction. The statistics include both the Strawn and Mineral Wells 
pools and the wild cat testa in the county. The northwestern end 
of the Strawn pool lies in Stephens coimty and these few wells are 
not included in this table. 



RECORD POR PAIO FINTO COUNTY, 
Well Record 



Qbs Total BblB. J 



Besides the wella in the Strawn and Mineral Wells pools sev- 
eral deep tests have been drilled in Palo Pinto county but with no 
important results. 

A well was drilled on the Watson ranch in the bend of Brazos 
river north of Palo Pinto to a depth of over 4,000 feet, with no en- 
couraging showings. A well near the crossing of the Palo Finto- 
Breckenridge road over Eagle Creek is drilling at 4,160 feet. Two 
or three wells have been drilled near Graford and some oil was 
found but not in sufiicient quantity to be worth development. A good 



. Geol. Sarvvey No. 029, pi. III. 
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showing of oil was found at 4,200 feet in the Black Lime near the 
western edge of the county, but not sufficient to make a producing 
well. A well was drilled to 4,200 in the northeast comer of the 
counly without any production. 

Stephens Coimty. 

The surface rocks of Stephens county belong to the Canyon 
and Cisco formations of the Pennsylvaniau. The county came into 
great prominence during the latter part of 1917 and 1918. 

The principal development has centered around Caddo in the 
east-central part of the country and south of Breckenr"i9ge in the lo- 
c&iity known as the Parks pool. The producing areas and principal 
wild cat tests are shown in fig. 87. 
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Ig. 87— i^ketcb map at Stepbens connty sbowlDg prodnclug areas and approxi- 
mate location of deep tests. 
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The Caddo pool was opened by a well about 1 mile south of 
Caddo in the summer of 1916. Since that time development has 
been rapid and by August 1, 1919, a number of wells had been com- 
pleted. The production is from the Black Lime of the Bend series, 
and is found at a depth of about 3,300 to 3,500 feet. The initial 
production of file wells is as high as 8,000 barrels per day. 

The Parks pool is located a few mites south of Breckenrldge. 
The surface rocks show a well developed "nose" but the elevations 
of the Black Lime from which the production is obtained shows a 
much larger and more pronounced structure. The depth of the 
wells average about 3,500 feet. The oil is of high grade, about 37.5 
degrees Baume. The activity in Stephens county is shown by the 
fact that, with practically no development in 1916 and only a few 
wells drilled in 1917, by the end of 1918 there were 29 producing 
wells, 18 dry holes and gassers, 18 wells shut down waiting storage, 
147 wells drilling, 42 rigs waiting for machinery, and more than 
200 locations made.* This, too, in spite of the fact that the great- 
est activity is a good many miles from a railroad and that during 
the latter months of 1918 the roads were practicably impassable. 

The most recent important development is the discovery of oil 
in a well near Crystal Falls in the northern part of the county. 

At the end of March, 1919, the reports from Stephens count? 
showed producing wells as follows : 

7 wells producing less than 25 barrels per day, 

7 wells producing between 25 and 100 barrels per day, 

24 wells producing between 100 barrels and 500 barrels per day, 
6 wells producing between 600 barrels and 1,000 barrels per 
day, 
3 wells producing over 1,000 barrels per day, 
making a total of 46 producing wells with total average daily pro- 
duction of 18,197 barrels. 

The most recent development has tended to bring the Caddo, 
Parks, Strawn and Ranger pools together into one large district. 
This area will undoubtedly have dry spots but, at present, it is dif- 
ficult to define the individual pools. 

CaMahan County. 

The eastern part of Callahan county is underlain by the sands 
and shales of the Cisco formation and the central and western parts 
by the limestones and shales of the Albany. The general dip is a 
little north of west at about 60 feet per mile and there are very 
few important variations from the normal dip. 

The only encouraging results from drilling in the county have 
been in the eastern part near Putnam. In 1916 a well drilled to 

•Oil and Gas Jonrnal. 
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over 3,000 feet a. short distance west of the town, had a small flow 
of gas and some oil showings. Early in 1919, a well drilled just 
southeast of town was reported to have a good showing at a depth 
of 3,680 feet, but failed to make a producer when completed. 

Comanehe County. 

Comanche county lies to the southeast of Eastland county. 
Most of the county is covered with the Comanchean formations, 
principally the Trinity sands. The Strawn and Canyon formations 
of the Pennsylvanian occupy comparatively small areas in the 
northern and western portion of the county. The covering of Trinity 
sands makes it impossible to discover the structural conditions in 
the underlying Pennsylvanian in most of the county. An anti- 
clinal fold is reported in the northeastern corner of the county and 
is thought to be responsible for the accumulation in the Duke pool. 

The only development of importance to date is the Duke pool 
near the junction of Comanche, Eastland and Erath counties at the 




Fig. 88 — Sketch luny nt Comaucbe county sbowlug prodiKiiii; ii 
mate location of deep tests. 
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northeastern corner of Comanche. The discovery well, the Duke 
No. 1 was brou^t in during September, 1918. It had an ini- 
tial production of about 400 barrels per day of oil similar to that 
of the Ranger field, from the Black Lime. The sand was encoun- 
tered at about 2,685 feet. The other wells of about the same size 
have been completed very near the Duke well but the results of 
wells at some distance to the south from the first well have been 
disappointing:. To the northward the development has proceeded 
rapidly and the center of the activity is now (Aug. 1, 1919), around 
the village of Deademona in Eastland county. 

The only other locality in Comanche county in which oil or gas 
has been found is west of Sipe Springs where a well is reported to 
be making some oil and gas, with sulphur water. 

The approximate locations of other deep teats and their depths 
on April 1st, 1919, are shown on the accompanying map (flg. 8&.). 

At the end of March, 1919, the reports from Comanche county 
show 2 wells producing 26 barrels each per day; 4 wells producing 
between 400 barrels and 660 barrels per day and one welt producing 
2,800 barrels per day ; making a total of 7 wells with a total aver- 
age daily production of 4,985 barrels. 
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BHOWN COT^ 
Fig. 89 — Sketch map of Eastland coant; showing producing areas and approx- 
imate location of deep tests. 
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Etittkmd County. 

The surface rocks of the greater part of Eastiand county arv 
Pennsylvanian in ajre, the Strawn, Canyon and Cisco fonnations 
aU covering considerable areas. The southern and part of the 
eastern portions of the county are covered with sand of the Trinity 
formation of the Comanchean system. The general dip of the 
Pennsylvanian rocks is to the northwest as in the rest of the area, 
but small variations from the normal dip are common and there 
ia some minor faultin?. In the eastern part of the county there is 
at least one large fold with rather steep dips and considerable 
closure. The structure of the Pennsylvanian rocks in the areas 
covered by Trinity cannot be determined. 

The most important development in Eastland county as well 
as in this part of Texas is the Ranger field. The discovery well 
in this field was completed in the summer of 1917 and the develop- 
ment has been extremely rapid and a typical "oil boom" has taken 
place at Ranger. However, on account ot the greater cost of drill- 
ing and the fact that most of the territory was controlled by one 
company there has been no such inflation of lease prices nor such 
an orgy of speculation and small company promotion schemes as 
there has been at Burkbumett. 

The rapidity of the development is shown by the following 
statistics from the Oil and Gas Journal. 

At the end of 1917 only five standard rigs were reported as in 
Elastland county. By the end of 1918 there were 47 producing wells, 
33 wells shut down on top of. the sand, 29 dry holes and gas wells, 
185 wells drilling, 120 rigs waiting for machinery and more than 
100 locations. This activity is practically all in or near the Ranger 
field. 

On account of the great importance of this field the following' 
description is given in full. 

THE RANGER OIL AND GAS FIELD 

{Bj F. W. SKIVES AND W. C. BIAN.] 

The Ranger oil and gas field is located in the northeast comer 
of Eastland county, Texas, and derives its name from the town of 
Banger which is situated near the center of the field. 

At the present stage of development it is impossible to state 
the limits of the field. It is about eight miles from the Brashear 
well on the south to the Whitson and Williams wells on the north 
and five miles from the Davis and W. L. McCleskey wells on the 
east to the Roper well on the west. Within these limits few dry 
holes have been drilled up to the present time, but further develop- 
ment may disclose more barren areas or greatly extend the limits of 
the field. 

Tlie credit for the discovery of oil at Ranger belongs to the 
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Texas and Pacific Coal company. The business men of Rantrer 
county and arrangements were made with the Texas and Pacific 
leased a lar^ block of acreage in the northeast part of Eastland 
Coal company to test it- out. A number of wells were drilled in tiie 
vicinity but it was not until October, 1917, that oil was found in 
paying quantities. Inthe latter part of that month the J. H. Mc- 
Gleslcey No. 1, the discovery well, first struck the pay horizon and 
began making 400 to 500 barrels per day. In the early part of No- 
vember the well was drilled several feet deeper into the sand and 
ihe flow increased to 1,400 barrels. 

At the time of discovery of oil at Ranger the Texas and Pa- 
cific Coal company held under lease nearly all the land now cov- 
ered-by the field. However, since then this company has sold some 
fxf their acreage or made drilling agreements with other companies 
who are carrying on the development. At present the Prairie Oil 
and Gas company, the Texas Company, the Gulf Production com- 
pany, the Magnolia Petroleum company, the Humble Oil & Refining 
company, besides numerous small companies and individuals have 
production in the field. The development of the field since the J. 
H. UcCleskey No.' 1 was drilled in has been very rapid in spite 
of the difficulties in obtaining supplies, labor and water, during the 
first year of the field's development. 

The rocks exposed at the surface in the Ranger field consist 
of limestones, sandstones, and shales of the Canyon series of the 
Pennaylvanian system. The most prominent member of the series 
ia a dark gray limestone about 35 to 40 feet thick which forms an 
escarpment just west of the town of Ranger. Below this heavy 
limestone occurs a series of shales and thin sandstones 40 to 60 feet 
in thickness, at the base of which is a thin brown limestone which 
outcrops diagonally across the town of Ranger. 

A generalized section taken from well logs shows that the drills 
penetrate approximately 500 to 700 feet of alternating limestones 
and shales belonging to the Canyon series, 2,000 to 2,200 feet of 
sandstones and shales interbeddeid with thin limestones belonging 
to the Strawn series and about 1;100 feet of black shales and lime- 
stones belonging to the Bend series. The entire thickness of the 
Bend series is penetrated in only a few of the wells as the produc- 
tive horizons are found. near the top of the black limestone. The 
tipper 400 to 500 feet of the Bend series consists mostly of black 
shales which may be correlated with the Smithwick shsl^ outcrop- 
|Hng in San S^ba and Llano counties. Below these shales are ap- 
proximately 600 feet of gray and black limestone interbedded with 
thin shales, making up the Marble Falls limestone. Below the lime- 
atone is 100 to 125 feet of black shale which may probably be corre- 
lated with the Lower Bend shale which outcrops in San Saba coun- 
ty. A few of the deeper wells penetrate a 'compact white limestone 
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at a depth of 8,600 to 3,800 feet. This is probably the Ellenburger 
limestone of Cambro-Ordovician age. 

The structure as shown by the dip of the rocks exposed at Oie 
surface consists of a series of plunging folds or anticlines. The 
largest of these plunges northwestward . from the neighborhood 
of the Walker well No. 1, viheie the beds are flat. This fold is 
flanked on. either side by minor folds which also plunge no'rihwest- 
ward. The minor fold on the northeast starts in the vicinity of the 
Hagerman well No. 1, while the one on the southwest begins near 
the J. H. MeCleskey well No. 1. Another minor fold is found in 
the south-central part of the field in the vicinity of the Floyd Brewer 
wells. Structure contours on rocks exposed at the surface show no 
closures in any part of the field. 

The structural conditions of the Bend series, in which the 
production is found, varies considerably from the surface structure 
due to the marked unconformity between the Strawn and Bend 
series. The most important structural feature of the Bend series as 
shown by a study of well logs available at the present time is a 
large dome which extends from the C. J. Keaghy well No. 1 and 
T. W. Duncan well No. 1, on the south, to the W. E. Jones No. 2 
and Magnolia Petroleum company Rock No. 1, on the north. Plung- 
ing anticlines extend from this dome northwestward ihrough ttte 
Emma Terrell No. 1 and westward through the Butler Nq. 1. Be- 
tween these two anticlines is a small syncline. 

The main structure is flanked on the southeast and northeast 
by two smaller anticlines. The one on the southeast has its crest in 
the vicinity of the Brewer wells and plunges northwest. The one to 
the northeast is located in the neighborhood of the Walker No. 1, 
but its extent is as yet not well defined. 

A structural basin extends south from the town of Banger 
tiirough the Yandell No. 1, Ueyers No. 1 and Pitcock No. 1 and 
then turns eastward. Other small syndines appear in the vieinitj 
of the J. T. Falls No. 1 and J. M. Rush No. 1.. 

The subsurface structural features cannot be more definite 
defined until more well logs are available. It seems that the struc- 
tural conditions of the Bend series are reflected- to some extent in 
the surface structure but in a modified form due to, thp unconformi- 
ties between the Canyon and Strewn series and between the Strawn 
and Bend series. 

.At the present time the production in the Ranger field is prac- 
tically confined to two horizons, the deeper of which is the more 
productive. This deeper sand is encountered at depths rangins 
from 3,200 to 3,600 feet, depending upon the elevation of the ground 
at the well and the position of the well in relation to subsurface 
structure. The maximum thickness of this sand which has beoi 
reported at this time is about 30 feet. On the other hand, the logs 
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of some of th« dry holes do not show any sand at all, while others 
indicate a sandy lime at this horizon. It is possible, therefore, 
that in places the sand pinches out entirely within a short distance 
of production. 

Some oil as well as gas is obtained in some of the wells at a hor- 
izon dtout 176 to 250 feet above the main pay. This production is 
usually reported in lime or sandy lime thougfh in a few cases the 
formation is classed as sand. Both these productive horizons are 
included in that part of the ?eoloe:ic section which has been corre- 
lated as 'Marble Falls limestone belongins: to the Bend series. 

A few wells within a limited area at the southwest edge of the 
field are' producing from! a pay which was first struck in the J. E, 
Crosby No. 1 at a depth of 1,340 feet. This productive sand, which 
is about 30 feet in thickness where first encountered, is a member 
of the Strawn series. 

There are now (Mar. 15, 1919) nearly 100 wells producing oil 
in the Banger field and the number is increasing rapidly. A num- 
ber of wells in the field have an initial production aa tiigh as 1,000 
to 4,000 barrels and the initial production of the Emina Terrel 
No. 1 is reported as 8,000 barrels. The best production at present 
is from the area one to three miles west of Ranger and in the neigh- 
borhood of the Brewer group three to four miles south of Ranger. 

A number of gas wells are scattered in various parts of the 
field and some of these produce a large volume of gas. A number 
of wells which produced only gas when first brought in are now 
making considerable oil. All the oil wells have, enough gas pressure 
to make natural flow. The gas is used as fuel in drilling and a 
small amount is distributed for consimiption in the town of Ranger. 

The oil produced in the Ranger field ranges from 36 degrees 
Baume to 42 degrees Baume. 

The production of the field ia curtailed at the present time by 
lack of storage and transportation facilities for handling the oil. 
Many of the wells are shut down at the top of the sand waiting 
for storage. On Jan. 1, 1919, there were more than two and one- 
half million barrels of oil in stock near Ranger. During December^ 
1918, about 285,000 barrels of crude oil were shipped out of Ranger 
in tank cars. 

The Texas Company has recently completed an 8-inch pipe 
line from Ranger to Fort Worth and the Prairie Pipe Line com- 
pany has an 8-inch to Pauls Valley, Okla. A number of other pipe 
lines from Ranger are now under construction, among them a 12-inch 
line to Pelican Island, another to Corsicana and a second line to 
Fort Worth. Twenty storage tanks, having a total capacity of 
362,500 barrels are now at various stages of construction near 
Banger. 
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l^e development of the Ranger field to March 15, 1919, is 
shown in fig. 90.. 

Outside the Ranger field there has been little important devel- 
opment in Eastland county. The northward extension of the Duke 
pool of Comanche county lies in Eastland, but the pool is discuased 
in connection with Comanche county. In the northeastern part 
of the county, about 12 miles south of Strawn, two wells have beea 
drilled at the west end of a large structure. Both had some oil and 
gas, but no production has resulted. A well about 3 miles south of 
Eastland was good for almut 6 barrels at over 3,000 feet. Soutb- 




Flg. 90 — Map showing derelopment of tbe Ranger field. 
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west of CiBco about 10 miles a well is dry at 3,500 feet. The loca- 
tion of the Banger field and of the important deep tests outside this 
field is shown in {ig. 90. 

At the end of March, 1919, the reports from Eastland county 
showed producing wella as follows: 

40 wells producing less than 25 barrels per day, 

22 wells producing between 25 barrels and 100 barrels per day, 

63 wells producing between 100 to 500 barrels per day, 

18 wells producing between 500 and 1,000 barrels per day, 

19 wells producing over 1,000 barrels per day, 

making a total of 152 producing wells with a totfd daily production 
of 70,742 barrels. The total initial production of these wells was 
130,617 barrels per day. 

Brovm County. 

Brown county lies to the west of Comanche and south of East- 
land. -Considerable areas in the eastern and southeastern portions 
of the county are covered with the Trinity division of the Coman- 
cbean but the greater part is occupied by the outcrops of the Strawn 
and Canyon formations of the Fennsylvanian. The normal struc- 
ture is a nearly west dip of about 60 feet to the mile and there are 
very few pronounced variations from this dip. 

The principal development has been a shallow sand found in 
the immediate vicinity of Brownwood. This pool was developed in 
1917 and was quite active during the first half of 1918, when new 
development practically came to a standstill. The field occupies an 
area of about 4 square miles, in the southwestern part of Brownwood 
and the adjacent country. The sand lies at depths varying from 
150 to 350 feet, the depth increasing to the west, both on account 
of the dip of the sand and the elevation of the surface. The sand 
varies in thickness from 2 to 40 feet. Ordinary water-well drilling 
machines were used, and the wells pumped by means of small gaso- 
line farm engines. Three or four days were required to finish a 
well. Some of the wells were not cased while others were cased 
with galvanized water-well casing. In some wells the ordinary 5 5-8 
inch casing was used. The initial production, while only a few 
barrels per well per day was very satisfactory for such shallow 
drilling and the wells paid out very rapidly. Some of the deeper 
wells had a production of as much aa 100 barrels per day. The oil is 
of good grade. Two small refineries have been built at Brownwood 
but most of the production was shipped to other refineries in tank 
cars. The wells are very closely spaced. The daily production is 
reported (April 26, 1919) as 675 barrels. 

The deep drilling in Brown county, so far, has not been 
productive of important results,- but sufficient showings and small 
wells have been found to make the territory look promising. 
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Some two or three years ago, considerable flows of gas were 
found in wells northwest of Bangs at a depth of about 1,600 feet. 



CAlLAfiAlVai EAST LA UP CO. 




E^g. 91 — Sketch map of Brown conaty iihowltig produclnj; nrea and approxfaaate 
location of deep teats. 
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The gas is piped to Bangs. A well near the gas wella has been car- 
ried to a depOi of S,700 feet with only small showings. 

The Sinclair Gulf well near Byrd'a in the north part of the 
county is a small well with the production from the Black Lime. The 
Bayley well about 3 miles to the southwest is also a small producer. 
The depth to production in .these wella is practically the same. The 
well on the Weedon farm south of the Sinclair and east of the Bay- 
ley well is reported dry after a shot in the Black Lime between 
2,000 and 2,500 feet. A well near Grosvenor was dry at over 3,100 
feet. A well six miles east of south of Brownwood was dry at 2,600 
feet, and one four mles east of Brownwood at 2,750 feet. 

Other wells drillingf at considerable depths are: a well about 
8 miles east of north from Brownwood and a well near Cleo in the 
northeastern part of the county, both shut down at or near 3,200 
feet. Ten other wild cat wells are reported as being drilled in the 
county. 

In April, 1919, the Capps well, 2 miles east of Brownwood was 
reported to be showing for a producing well. The location of the 
shallow production at Brownwood and of the deep tests drilled in 
Brown county are shown in fig. 91. 

Coleman CovMy. 

The eastern part of Coleman county is underlain by the Cisco 
formation and moat of the craitral and western parts by the Albany 
facies of the Wichita formation. Some outliers of the Comanchean 
cover considerable areas. The most conspicuous of these outliers are 
the hills near Santa Anna, known as the Santa Anna mountains. The 
normal structure in the Pennsylvanian and Permian rocks is a west 
dip of about 60 feet to the mile and this dip is very uniform. The 
Strawn formation which has a thickness of 3,000 feet or more at its 
outcrop thins rapidly as it passes westward under Brown and Cole- 
man countes so that the Black Lime of the Bend series is much nearer 
the surface than was at first thout^t. The Strawn seems to be 
absent along the west line of Coleman county as a well drilled 
south of Talpa passed directly from the white limestones and the 
shales of the Canyon formation directly into the Bend series. 

So far the development in Coleman county has given several 
small wells of both oil and e:as, but these discoveries have not re- 
sulted in the opening of any important pools. In every case the 
productive areas have been proven to be small and the wells of small 
size. Early in April, 1919, the daily production of the county was 
reported* as being only 196 barrels. 

The principal developments are in the eastern half of the 
county, the Morris and Mitchell pools in the northeastern part, the 

•oil and GsB Jonmal. 
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Santa Anna pool in the east central part and the Trickham pool in 
the southeastern part. 

The Morris pool, named from the Morris ranch, has about 4 
small producing oil wells and a deep dry hole just' west of the de- 
velopment. The sand was missed in this well so the area seems 
limited on the west. The pfoducip^r sand is encountered at about 
2,500 feet. 

The Mitchell pool is located about 6 miles northeast of the 
Morris pool. The wells are small and the area is limited by dry 
holes to the north and east. Only three or four wells are produc- 
ing. The producing horizon is in the Black Lime, 

About 2 miles southeast of Santa Anna and in an area about 
2 miles west of Trickham there have been several small oil and 
gas wells drilled. This production is from above the Black -Lime, 
probably in the Strawn formation. The production is not very im- 
portant at present, but gives intersecting possibilities. Small gas 
wells have been drilled near Valera and Talpa. 

The location of the producing area is ^own in fig. 92. 

MoCuUoch Coimty. 

In the latter part of 1918, a small pool was developed a few 
miles north of Brady, at a depth of about 300 feet. The wells early 
in 1919 were making less, than a barrel per well per day and the dis- 
covery does not appear to be of commercial importance. Several 
deep tests have been unsuccessful. 

CRETACEOUS AKEA. 
The principal fields of the Cretaceous area are the Corsicana 
oil and gas field and the Mexia-^roesbeck gas field. There are sev- 
eral minor occurrences. 

Corsicana Oil and Gas Field!* 

The Corsicana oil and gas field is situated in Navarro county, 
Texas, extending from Corsicana eastward to Powell, and from the 
vicinity of Angus northward to Chatfield. The boundaries of the 
field include about 200 square miles, but of this area only about 
60 square miles is productive. The field is divided into two parts — 
the Corsicana district, immediately east of Corsicana, and the Powell 
district, including a number of small pools near Powell and Mildred. 

The producing areas are shown in fig. 93. 

The surface of the Corsicana field is part of the Black Prairie 

°.\[i'tson. <i. C, and Hopkins, O. B., Tbe Gonlcaiia OU and Oas Fldd, Texas; BuU. 
U. 8. Geol. Survey No. 661, pp. 2ll-2i52. 1917. 
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and there is a thick mantle or residual soil obscuring all outcrops bo 
that the determination of geological conditions rests almost entirely 
on the interpretation of well logs. 

The rocks penetrated by the drill in the field are as follows: 
Eocene — 

Midway formation, outcrops in eastern part of the field marl 
with thin beds of limestone. 
Cretaceous — 

Navarro formation, consists of gray, greenish-gray and yellow, 
nodular calcareous clay and sandy clay and fine, glanconitic, calcar- 
eous sand, contains the Nacatoch sand, which isthought to be the oil- 
bearing sand in the Powell district at Corsicana, is about 400 feet 
thick. 

Taylor marl, consists of uniform series of light to dark gray 
fine-grained highly calcareous day or clay marl — about 1,000 feet 
thick, some sandy beds of which one in the upper part is the oil 
producing sand in the Corsicana field. 

Aiistin chalk, alternating tieda of white to light gray chalk and 
marl of varying degrees of hardness, 425 feet thick. 

Eagle Ford shale, gray to dark-colored fine-grained clay and 
thin layers, and probably concretions of limestones, 376 feet thick. 
Farther northeast the Eagle Ford contains the Blossom sand mem- 
ber which is productive of oil and gas in the Caddo pool, but this 
member does not seem to be present in the Corsicana field. 

Woodbine sand, consists of sandstone and sandy clays with 
some beds of hard sandstone, at Corsicana it has been penetrated 
to a depth of 400 feet but not drilled through. 

The oil from the Corsicana district is a light oil, showing a 
gravity of 38 to 59 degrees Baume, with about 20 per cent of gaso- 
line; that from the Powell district is a heavy oil with a gravity of 
20 to 30 degrees Baume and from 1 or 2 to 10 per cent gasoline. 
The base of oil is principally paraffin, but nearly all of it shows 
a small percentage of asphalt. The unsaturated hydrocarbons are 
high, from 8 or 10 to about 30 per cent. 

The wells in the entire field have been small producers; initial 
production of over 200 barrels per day have been reported but the 
majority of the wells started at less than 50 barrels per day. The 
wells decline rather rapidly for a few months and then continue 
producing at nearly uniform rate for many years unless invaded by 
salt water. Some wells have been producing for nearly 20 years. 
The average life is 9 or 10 years. The ultimate production is esti- 
mated at 1,948 barrels per acre. The production is probably gov- 
erned by the character of the sands which are fine-grained and 
fairly compact. 

Drilling is done with rotary rigs and the cost of drilling is low. 
The cost of wells, exclusive of casing is about $550 to $650 in the 
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Tl$. 93 — Uap Bbowlug prodndiig areu In 
the Coraioaiu and Hexla<Groert>eck 
flelilB. 



Corsicana district and 
9350 to $450 in the 
Powell district. Three to 
ten days are required to 
drill a well in the Cor- 
sicana district and from 
two days to a week in 
the Powell district. Wa- 
ter is troublesome only 
around the edges of the 
pool. The wells are 
drilled into the sand 
from 25 to 60 feet. Gas 
occurs in small areas 
near the western side of 
the pool where the beds 
are highest. The Edens 
sand is about 300 feet 
above the Corsicana 
sand. This sand pro- 
duced considerable gas 
in the Edens pool, but 
the wells were soon ex- 
hausted and the wells 
abandoned. The gas 
sand in the Chatfield 
pool is believed to be 
the Edens. The wells in 
this pool were also short 
lived and were abandon- 
ed several years ago. 
The sands in the Angus 
pool occur in an interval 
of about 150 feet and 
are believed to repre- 
sent the Nacatoch sand 
althou^ th^ may be 
equivalent to the Corsi- 
cana sand. 

In the Powell dis- 
trict as many as four 
productive sands are 
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present. These all occur within an interval of about 100 feet, which 
is believed to represent the Nacatoch sand. They are about 800 
feet above the Corsicana sand and the top of the series is at a depth 
of 650 to 900 feet In some parts of the Mildred pool all four 
sands are present and most of the wells are drilled into the deepest 
sand with the casings set at the top of the highest sand. In the 
Witherapoon-McKie pool the upper and lower sands are productive. 
In the Clements-Buchanan pool only the upper, and in the Burke- 
Combest, and White pools only the lower sand is productive. 

The structure of the main Corsicana pool is monoclinal. The 
dip is to the southeast and there are some variations in the rate of 
dip, but none of great importance. The data on the Edens pool are 
not conclusive, but indicate a low anticline. The gas accumulation 
at Chatiield is on a low, irregular anticline. The Mildred pool is on 
an irregular anticline. The production follows the structure in a 
general way but not in detail. The Witherspoon-McKie pool is on 
the crest of a tow flat-topped anticline. The Clements-Buchanan 
pool is on an accentuated normal dip, as is also the case with the 
Tilton-Havener and Angus pools. The Burke pool is on a well- 
defined anticline. 

In the Corsicana district, there are two productive sands, the 
Corsicana and Edens, which are believed to lie in the Taylor marl. 
The Corsicana sand is the principal producing sand, yielding light 
oil and gas. The Edens sand yielded gas in a small area southeast 
of Corsicana. The Corsicana sand is from 900 feet to 1,200 feet 
below the surface in the Corsicana pool and ranges from a few 
feet to 60 feet in thickness. The wells are pumped by centrally- 
located power plants, operating sucker-rods attached to pumping 
jacks at the wells. Fifteen to twenty-five wells may be pumped 
by one power. Casinghead gas is utilized for fuel. The wells in the 
Powell district require cleaning-out at frequent intervals. The gas 
wells of the field have been, in general, very short lived. 

The Corsicana field was discovered in 1895 and for six years 
was the only important producer of oil in Texas. The Powell dis- 
trict was opened in 1900. The features of the field as they stand 
today, have been defined for several years and there seems to be 
little chance of important extension of productive area of the field. 
There is, however, possibility of production from deeper sands, es- 
pecially in the Powell district where the Corsicana sand has not 
been well tested in favorable localities. 

The average price for the oils from the field from 1913 to 1916 
is as follows: 
Average Price of Oil Per Barrel in Corsicana Field 1913-1916. 
1913 1914 1915 1916 

Corsicana district $0,987 50.923 $0,744 $1,242 

Powell district 766 .600 .449 .631 
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The Mexia-Groeabeck G<u Fieid* 

The Mexia-Groesbeck gae field ia in the eastnientral part of 
Limestone county. It extends southward from near Mezia in a nar- 
row belt, to a point a short distance southwest of Groesbeck. The 
total length of the field is about 12i^ miles and the width a tittle 
leas than one mile. 

The field has the same general geologic conditions aa has the 
Corsicana field just described. The wells start in the Midway 
(Eocene) formation and encounter the gas in a sand in the Navarro 
formation, which is considered to be the Nacatoch sand member. 
The depths vary from 670 to 900 feet, the majority of them being 
near 700 feet. The thickness of the sand is about 40 feet. The sand 
consists of quartz grains partially cemented by glanconitic. It is 
quite porous, showing an average pore space of 25.5 per cent. The 
slight variation in rock pressure and the uniform rate of decline of 
pressure indicate fairly uniform porosity in the sand. 

The structure of the field is a long, well-defined anticline with 
at least 150 feet of reverse (northwest) dip which is much steeper 
than the southeast or normal dip. Well logs must be used to de- 
termine the structure and the whole anticline cannot be delineated. 

The first successful well was drilled in 1912. Previous to its 
bringing in, twelve unsuccessful wells had been drilled. Fifteen or 
sixteen wells were added in 1913 and about 30 in 1914. At the end 
of 1915, there were 46 and at the end of 1916 there were 53 pro- 
ductive gas wells in the field. Several wells have been abandon<ed 
which could probably be rejuvenated by proper methods. The aver- 
age cloiied pressures at the ends of the years since the field was 
opened are as follows: 1912, 275 pounds; 1913, 273 pounds; 1914, 
240 pounds; 1915, 200 pounds; and 1916, 180 pounds. The open 
flow volume of the field at the end of 1915 was about 220,000,000 
cubic feet per day, and the total quantity of gas in the field at that 
time was estimated at 2,331,057,000. No oil has been found in the 
field and the gas is dry, consisting almost entirely (over 98 per 
cent) of marsh gas. The gas ia supplied to Mexia, Groesbeck, Waco 
Mart, Corsicana and some smaller towns. 

The Thrall Oil Field* 

The Thrall oil field is located one mile southeast of Thrall, in 
southeastern Williamson county. The surface is gently undulating 
with a thick mantle of black soil. 

■MutHOD, G. C, GiiB prosiHKts south iiml sontheust of Dallun: Bull. V. S. Oeol. 
•I'drtfn. J. A.. nnU Bybee. H. P.. The Thrall Oil OeUlF, Bnll. Unlr. of Texas. 
No. (HI. 1010. 
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Oil was discovered at about 300 feet in 1914 in an attempt to* 
obtain water. The showings were sufficient to lead to deeper drill- 
ing and the first commercial well was completed early in 1915. 

The rocks penetrated by the drill are the Taylor mari, Austin 
chalk and Eagle Ford shale of the Cretaceous. The Buda lime- 
stone of the Comanchean is reached in one or two of the deeper 
wells. Only a few wella went deeper than the oil horizon in the 
Taylor marl. 

The oil producing horizon is unique in that it is an altered 
igneous rock. The rock was originally a basalt or similar rock 
which has been altered into a porous serpentine. The rock may 
be an intrusion of later date than the Taylor marls but is regarded 
as being more probably a contemporaneous extrusion on the sea 
bottom. The cuttings from the rocks next to the igneous mass do 
not shown signs of the metamorphism which would be expected if the 
body were intrusive. 

The Serpentine forms an irregular dome-shaped mass, thickest 
near the center, where a thickness of over 500 feet is shown in a 
well log, and thinning in all directions. The upper surface slopes 
most rapidly to the south, and most gradually to the north. The 
greatest known diameter of the mass is about 5,000 feet in a north- 
south direction, and the east-west diameter is about 4,800 feet. The 
thin edges of the igneous mass probably extend beyond these dis- 
tances. The depth of the igneous rock below the surface varies 
from about 600 to about 900 feet. 

The oil is found both in the serpentine and in a porous shell 
breccia which is contiguous to the serpentine. 

The high porosity of the containing rocks gave wells of large 
initial capacity and was also responsible for an extremely rapid de- 
cline. 

Of 105 wells drilled previous to November, 1916, 7 were dry; 
26 had initial productions of less than 40 barrels, 22 of between 40, 
and 200 barrels, 15 of between 200 and 1,000 barrels, and 7 of be- 
tween 1,000 and 5,000 barrels. Within about 6 months after the 
field was opened the average production was less than 10 per cent 
of the initial production and within 16 months only 8 of 138 wells 
were making more than 26 barrels per day and 96 were making 
less than 6 barrels. 

The totel production to November 4, 1916, was approximately 
1,500,000 barrels. The crest of the production was reached in May, 
1915, when over 200,000 barrels were produced. By October, 1916, 
the monthly production had declined to about 24,000 barrels, and the 
decline has continued since tliat time until the production is quite 
small. The oil from the Thrall field is reddish in color, and has 
a gravity of about 40 degrees Baume. The base is paraffin and 
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considerable ozocerite separates in the tubing and pipes making it 
necessary to clean them at frequent intervals. 

Minor Occurrences in the Cretaceous Area. 

There is a small gas field, near Growther in McMuIlen county. 
in 1916 six wells were supiJying Growther with gas and 10 were not 
being used. There is also a small amount of light oil. 

In northern Zapata county, a small gas field was discovered 
on the Jennings ranch, in a well drilled for water. The well had a 
capacity of 16,000,000 cubic feet of gaa per day at a depth of 1,314 
feet. Other wells were drilled and the gas piped to Laredo, 30 
miles to the northwest, in 1916. Further development has failed 
to enlarge the area and the producing company has recently gotten 
a supply of gas a short distance east of Laredo. 

A well producing 5 to 8 barrels per day on the pump was drilled 
south of Brenham in Washington county in 1915. The depth was 
1,340 to 1,420 feet. Additional development has been without re- 
sults. 

Some shallow oil has been known for several years near Piedras 
Pintaa in Duval county. Deep tests have been started but no com- 
pletions have been made. 

Some small development of oil has taken place in Bexar county 
near San Antonio. The Alta Vista and Van Petty pools lie re- 
spectively 8 and 10 miles south of San Antonio. Both are shallow 
and the wells are only small producers. The oil in the Van Petty 
pool is of about 36 degrees Baume gravity, but that of the Alta Vista 
pool is heavier. The development can scarcely be said to be im- 
portant at present, but may lead to more of value. 

OIL AND GAS FIELDS OF NORTHWEST LOUISIANA. 

The oil and gas fields of Louisiana which are considered as be- 
longing to the Mid-Gontinent fields are located in the extreme north- 
western part of the state, in Caddo, De Soto, and Red River par- 
ishes, and are grouped into two fields or districts, the Gaddo and 
the De Soto-Red River. 

The surface rocks in all this portion of Louisiana, are Eocene 
clays and sands. The rocks are very soft and the bedding irregular 
so that exposures are very few and short. The only geologic work 
which can be done in advance of drilling is the measuring and plot- 
ting of the dips, and these are not very reliable. 

The rocks in the general district have a slight dip toward the 
south, but in the productive areas this dip is affected by a large 
uplift known as the Sabine uplift, which brings the Gretaceous 
rocks within 700 feet or less of the surface over a considerable area 
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The Sabine uplift is not a simple fold, but a large anticline with 
many minor folds and wrinkles superimposed upon it. In general, 
the accumulation follows the structure very closely and even the 
minor flexures seem to have a pronounced ^ect on the distribution 
of oil and gas and on the size of the wells. 

In all the area production is from sand members in the Creta- 
ceous system, which has been. rather fully described for the ad- 
joining territory in Texaa. The productive horizons are named in 
the discussions on the fields. 

Caddo field — The Caddo field is located in the western part of 
Caddo Parish and extend westward across the state line a short 
distance into Marion county, Texas. The principal part of the field 
extends from Mooringaport northwestward for about 12 miles and 
has an extension reaching about 10 miles northeast from the main 
part of the field. The largest wells are in a rather narrow belt, 
northwestward from Mooringsport. The productive areas are shown 
in fig. 94. 

The field is divided into seven districts or pools that merge 
more or less closely into each otljer. 

The productive horizons are four in number — 

The Nacatoch sand is the most important gas sand in the 
field and has produced some low-grade oil. It consists of alterna- 
tions of hard and soft layers which are not continuous over large 
areas. The total thickness of the sandy horizon varies from 50 
to 150 feet. The oil and gas occur in the upper part of the forma- 
tion and the lower is filled with salt water in most places. 

The Annona chalk has supplied large quantities of low-grade 
oil to a few wells. On account of the small areas of the produc- 
tion it is supposed to come from fissures or crevices. 

The Blossom sand or 1,800-foot sand gives strong flows of gas 
from its upper portion, but_care is necessary to keep from drilling 
into the salt water which underlies the gas. 

The Woodbine sand is the great producer of high-grade oil in 
the field and also gives considerable gas locally. The gas has the 
odor of petroleum and is suitable for the manufacture of gasoline. 
There seem to be two productive horizons, one lying from 225 to- 
275 feet below the top of the Blossom sand and the other about 
100 feet lower. 

There is considerable variation in the intervals between the dif- 
ferent sands and they are not parallel throughout the field in gen- 
eral, the deeper sands show the steeper dips and the more complex 
folding. 

The oil wells of the Caddo field have a strong gas pressure and 
most of them come in as gushers. The decline is very rapid as -the 
gas pressure is relieved. Wells of 5,000 to 10,000 barrels have not 
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been uncommon, although the majority have much emaller initial 
productions. Owing to the intimate aaaociation of the oil with salt 
water, many wells have passed directly from the gusher class into 




Fig. M. — Map showing the prmlucth-e areas at the Caildo oil and gas field. 
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producers of large volumes of water. The gas wells are very large 
volumes, up to 50,000,000 cubic feet or more, and have tremendous 
pressures. On account of the unconsolidate nature of the rocks 
and the absence of satisfactory beds on which to land and set 
casing, many wells have broken loose and run wild for months or 
even for years before they could be controlled. 

The oil of the Caddo field varies greatly in quality ranging from 
19 degrees to 45.5 degrees Baume. The oil is classified as light and 
heavy, the separatian being at 38 degrees Baume. The prices for 
the two classes vary considerably. 

During 1917 and 1918 the greatest activity in the Caddo dis- 
trict is in the Pine Island pool in the eastern part of Caddo Parish. 
Wells of very large size have been brought in but the oil is of low 
grade. 

The statistics given for North Louisiana in the tables at the 
end of the section on the History of the fields are practically those 
for the Caddo field except for the last two or three years during 
which they are affected by the De Sota-Red River field. 

De Soto-Red River field* — The De Soto-Red River oil and gas 
field takes its name from the parishes in which it is located. 

The production is scattered over Tps. 12 and 13 N, Ra. 10, 11, 12 
and 13 W. The center of the field is about 30 miles southeast of 
Shreveport. The field extends from Naborton northeastward across 
Red river to Crichton. 

Gas was discovered near Naborton in 1912 in a sand at about 
800 feet. Oil was discovered by deeper drilling early in 1913. The 
Abington district in Red River parish was opened in April, 1914, and 
the Crichton pool in November, 1914. 

The stratigraphy of the region is practically the same as that 
of the Caddo field. The surface rocks belong to the Wilcox forma- 
tion of the Eocene, and the Recent deposits of Bayou Pierre and 
Red river valleys. About half the territory is covered by the Re- 
cent deposits and has no outcrops. The east and west ends of the 
territory lie in the hilly country where short outcrops make it pos- 
sible to determine something as to surface structure. 

The rocks of the Cretaceous system are reached by the drill at 
a depth of a few hundred feet and all the productive sands are 
within this system. 

The productive sands are as follows : 

The Nacatoch sand is encountered at depths of from 725 to 950 
feet depending on the surface elevation and the position on the 
structure. It ranges in thickness from 50 to 150 feet with an aver- 
age of about 125 feet. The sand varies greatly in porosity and has 
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many irregular indurated layers. So far the Nacatoch has yielded 
much gas but little oil. The gas wells have capacities of as much 
- aa 15,000,000 cubic feet per day. Small quantities of oil have been 
found in the Annona chalk. 

The principal oil-bearing sand lies about 1,660 feet below the 
Nacatoch sand. The sand zone is from 50 to 100 feet thick but the 
individual beds are lenticular and are intercalated with shale and 
hard layers. The exact position of the sand in the section is not 
known. The wells in this sand have initial productions of up to 8,000 
barrels per day and 1,000-barrel wells are not uncommon. The oil 
is generally of high grade, ranging from 3S to 42.5 degrees Baume. 
The oil from Red River Parish averages somewhat better than that 
from De Soto Parish. 

The deep gas sand lies 150 to 200 feet below the oil sand. The 
Band occurs as well-deftned beds which are persistent for some dis- 
tance. This sand is more uniformly productive over the area than 
the shallower sands which are very spotted. Wells in the deep gas 
sand reach 35,000,000 cubic feet per day in initial capacity. 

The structure as contoured on the Nacatoch sand is somewhat 
complex. The main structure is the Sabine uplift which has its 
axis extending from west of north to south of east. On this are 
superimposed several small folds and terraces, as follows: 

The Naborton dome has its highest part in sees. 5 and 7, T. 12 
N., R. 11 W. There is a shallow syncline on the north flank and 
the western margin is complicated by small pitching anticlines and 
synclinea. The south edge of the dome is formed by a fault known 
OS the Gusher Bend Fault. 

The Smithport anticline extends in a northeast southwest di- 
lection across sees. 22, 28 and 32, T. 13 N., R. 12 W. The fold is 
iower than the NIaborton dome and has more gentle dips. 

The Bice anticline lies south of the Naborton dome in sees. 4, 5, 
and 6, T. 12 N., R. 11 W. It is lower and has more gentle dips than 
the layer folds to the north. 

The Crichton terrace is in sees. 19, 20 and 30, T. IS N., R. 10 W. 
It is a broad flattening probably separated by a shallow syncline 
from the folds to the southwest. The Terrace is wrinkled by small 
anticlines and synclines. 

The Gusher Bend anticline is associated with the Crichton ter- 
race, and is located in sees. 24, 25 and 36, T. 13 N., R. 11 W. 

The Gusher Bend fault which bounds the Crichton terrace. 
Gusher Bend anticline and Naborton dome on the south has a maxi- 
mum displacement of over 200 feet with the downthrow on the 
south. There are probably other smaller faults in the area with 
their area parallel to that of the Gusher Bend fault. 

The production is closely related to the structure but does not 
coincide with them. The lentieularity of the sands has probably 
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had an important effect in locatinjr the accumulations. As in the 
case in the Caddo fleid, the structures in the different sands are not 
the same and, in general, the deeper sands are more steeply folded. 

The piroduction is very spotted and the proportion of dry holes 
is hiirh. 

During 1919 there has been great activity in the Bull Bayou area 
in the eastern end of the district, in Red River parish. 

Shreveport gas field — A gas field near Shreveport has furnished 
considerable gas from the Vacatoch sand. The structure is prob- 
ably a cross fold on the Sabine uplift comparable to those in the 
Caddo and De Soto-Red River folds. The gas is closely associated 
with salt water. 

pelican district — Several wells have produced small quantities 
of oil in the vicinity of Pelican. The wells are scattered over an 
area about 7 miles long in Tps. 10 and 11 N., R. 12 W., in south- 
em De Soto and northern Sabine Parish. The productive horizon is 
thought to be the oil sand of the De Soto-Red River field. 

Development at Homer — Early in 1919 an oil well was brought 
in about 7 miles west of Homer in Clarbome pariah. The offset 
well also was a good producer. Two wells about a mile to the north 
were drilled and abandoned some time ago, but both are reported 
to have had considerable oil. There are some surface indications of 
favorable structure in this vicinity and the prospects for develop- 
ing a pool of some magnitude seem good. 

Monroe gas field — Several lai-ge gas wells have been developed 
near Monroe, but no oil has been reported as yet. 

At the end of 1917 the field was about 10 miles long and wells 
of as hig^ as 40,000,000 cubic feet per d^ capacity had been 
brought in. 
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In the description of the different producing fields, the natural 
gaa producing fields have been described as well as those produc- 
ing oil and where a pool produces both gas and oil some refers- 
ence to the gas production has been made. 

However, the natural gas industry is of sufficient importance 
to merit separate consideration. 

The annual review for 1916, by John D. Northrop in the Min- 
eral Resources of the United States, published by the United States 
Geological Survey gives a complete review of the situation in the 
natural gas industry to the end of 1916 and is the latest published 
information. 

The following pages are taken entirely from that report. 

KANSAS. 
GENERAL STATEMENT. 

The natural gas industry in Kansas dates back to 1873, when 
gas from the Acers Mineral Well at lola, Allen county, was used 
as an illuminant in a neighboring sanitarium erected for the pri- 
mary purpose of exploiting the medicinal properties of the mineral 
water obtained from the same well. In 1882 gas was. found in 
abundance in wells drilled 7 miles north of Paola, Miami county, 
and in 1884 mains were laid from this districtl to Paola and the 
distribution of gas to consumers in that town was begun. About 
1887 natural gas from nearby wells was introduced into the town 
of Fort Scott, Bourbon county, and in 1892 the distribution of gas 
from wells of large capacity west and northwest of Coffeyville, Mont- 
gomery county, was begun in the latter town. In 1893 Cherryvale, in 
the northeastern part of the same county, was first supplied with 
natural gas from wells east of town, and Independence, near the 
center of the county, was supplied from wells 4 milee to the east. The 
adoption of natural gas as a fuel in the zinc smelters at Cherryvale in 
1S9S established the natural gas industry in Kansas on a permanent 
basis, and its subsequent development was rapid. In 1905 natural 
gas mains were laid from the fields in Montgomery county to the 
Joplin lead and zinc district in southwestern Missouri and in 1906 
gas from the Allen and Neosho county fields was piped into Kan- 
sas City. 

[282] 
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From only a few hundred dollars in 1882 the value of the g&a 
produced annually in Kansas increased slowly to $50,000 in 1893, 
then rapidly to $112,000 in 1695, to $1,124,000 in 1903 and to a maxi- 
. mum of $8,294,000 in 1909, subsequent to which it declined steadily 
to $3,288,000 in 1913, since which year it has gradually increased 
with the development of prolific gas fields in Butler county, though it 
is still far below the maximum. 

Natural gas was produced profitably in Kansas in 1916 in 23 
counties, all in the eastern third of the state. Petroleum and 
natural gas in this state occur in sandstone or limestone layers in the 
Pennsylvanian series ("Coal Measures"), the most productive cone 
being that of the Cherokee shale, at the base of the series. Lenticu- 
lar sandstone layers interbedded with the Cherokee shale constitute 
the principal reservoirs of oil and gas in the state. 

PRODUCTION. 

The volume of natural gas produced in Kansas in 1916 was 
greater than that produced in this state in any other recent year 
since 1911. It amounted to 31,710,438,000 cubic feet and exceeded 
the output in 1915 by 4,664,530,000 cubic feet or 17 per cent. The 
value of this gas at the point of consumption was $4,855,389, a gain 
of $818,378, or 20 per cent, over the value of the output in 1915, 
this gain being accounted for in part by the increased volume of 
gas and in part by an increase from 14.93 cents to 15.31 cents in 
the average price per thousand cubic feet at which the gas was 
sold in 1916. 

Credit for the augmented production in 1916 belongs almost 
wholly to Butler county and was due principally to the extensive ac- 
tivity in the quest for petroleum in Uie Augusta and Eldorado dis- 
tricts in that county. In all 75 new gas wells were completed, 7 ex- 
hausted wells were abandoned, and 234 gas wells were in service in 
Butler county in 1916, exclusive of the wells that produced both gas 
and petroleum. 

In Chautauqua and Montgomery counties the usual activity in 
the quest for natural gas prevailed, but no new territory of con- 
sequence was added to the areas already proved productive. 

In the state as a whole activity in drilling for natural gas was 
less than in 1915 and was attended with poorer success, as far as the 
number of wells is concerned. In 1916 a total of 654 wells were 
drilled for gas, of which 461, or 70 per cent, were successful and 
198, or 30 per cent, were unsuccessful. In 1915 there were 748 
wells completed, of which 554, or 74 per cent, were successful. The 
number of unsuccessful tests reported in 1916 was only 1 less than 
the number reported in 1915. At the end of 1916 there were 2,518 
gas wells, exclusive of the wells that produce both oil and gas, in 
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service in Kansas, a net gain of 70 wells over the number in service 
at the end of 1916. 

CONSUMPTION. 

Including a relatively small volume of natural gas piped to 
Missouri and consumed in the smelter district about Joplin, the 
volume of natural gas consumed in Kansas in 1916 was 60,564,112,- 
000 cubic feet, a gain of 11,692,817,000 cubic feet, or 24 per cent, 
over the volume consumed in 1915. 

The market value of this gas was 19,731,518, a gain of $1,- 
557,229, or 19 per cent, over the value of the gas consumed in 
Kansas in 1915. The failure of the total market value to increase 
in the same ratio as the volume of gas consumed is accounted for 
by a decrease from 16.73 cents to 16.07 cents in the average price 
per thousand cubic feet in 1916. 

It is estimated that 20,876,693.000 cubic feet of gas, or 34 
per cent of the total volume consumed in Kansas in 1916, valued at 
16,314,011, or 55 per cent of the total market value, was distributed 
to 202,222 domestic consumers in Kansas and southeastern Missouri 
at an average price of 25.45 cents a thousand cubic feet, and that 
the remaining 66 per cent of the volume, representing 45 per cent of 
the total market value of the gas consumed, was distributed to 1,364 
industrial consumers at an average price of 11.13 cents a thousand. 

With regard to the consumption of natural gas for domestic 
purposes in Kansas in 1915 and 1916, a comparison of the statistics 
for the two years shows in 1916 gain of only 1 per cent in volume 
and of 0.6 per cent in the number of consumers supplied, but loss 
of 0.3 per cent in the total market value of the gas involved on ac- 
count of a decrease of 0.38 per cent, or 1.6 per cent in the average 
price per thousand paid for natural gas service by this class of 
consumers. 

The average volume of natural gas consumed monthly by each 
domestic consumer in Kansas in 1916 was 8,600 cubic feet at an 
average monthly cost of $2.19. 

With regard to the consumption of gas for industrial purposes 
a comparison of the statistics for the same two years shows in 1916 
loss of 7 per cent in the number of consumers, but gain of 40 per 
cent in the volume of gas consumed, of 66 per cent in the total 
market value of that gas, and of nearly 11 per cent in the average 
price per thousand paid for it. 

Much of the increase recorded is accounted for in the greatly 
augmented requirements of natural gas for fuel in lead and zinc 
smelters. It is estimated that in 1916 a total of 16,542,197,000 
cubic feet of gas, valued at 11,750,726, was distributed at an aver- 
age price of 11.26 cents a thousand, to the smelters. Comparison 
of these data with corresponding items for 1915 shows in 1916 
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^n of 82 per cent in the volume of gas consumed in Kansas in 
the smelting of metals, of 106 per cent in the total market value 
of that gas, and of 1^6 cents, or 14 per cent, in the average unit 
price paid for it. 

About 2,690,917,000 cubic feet of gas, valued at |242,457, an 
average price of 9.01 cents a thousand, was distributed in 1916 to 
cement plants in Kansas, and about 3,962,940,000 cubic feet, valued 
at $362,070, an average price of 9.14 cents a thousand was dis- 
tributed to manufacturers of brick, glass and clay products. 
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<SNEBAL STATEMENT 

The natural gas resources of Oklahoma are closely associated 
with petroleum and the development of the natural gas industry in 
this state has closely paralleled the development of its vast re- 
sources of petroleum. The earliest recorded use of natural gas on 
a commercial scale in Oklahoma was at Red Fork, Tulsa county, 
where it was used as fuel for drilling purposes and as a source of 
heat and light in a few houses in 1902. In 1903 natural gas was 
used for drilling purposes near Lawton, Comanche couni?, near 
Pawhuska, Osage county, and near Newkirk, Kay county. In 1904 
natural gas was distributed to domestic consumers in Tulsa, Bar- 
tlesville, Ochelata, Pawhuska, and Sed Fork, and to brickworks near 
Red Fork. The subsequent growth of the natural gas industry in 
Oklahoma has been rapid and has by no means spent its force. Since 
1911 Oklahoma has ranked third among the gas producing states, 
on the basis of the volume of gas produced, and its advance to sec- 
ond place in 1917 seems inevitable. 

Natural gas was produced profitably in Oklahoma in 1916 in 
31 counties lying in the eastern half of the state. 

Petroleum and natural gas in Oklahoma are found in sandstone 
and, less commonly, in limestone layers of variable thickness oc- 
curring at numerous horizons in the succession of strata between 
the base of the Mississippian series (lower Carboniferous) l>elow 
and the lower portion of the Permian series above. By far the 
greater part of the production, both of petroleum and of natural 
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gaa, is derived from "sands" in the intervening Pennsylvanian 
aeries (upper Carboniferous.) 

PBODUCTION. 

The volume of natural gas produced profitably in Oklahoma in 
1916 exceeded the volume bo produced in this state in any preced- 
ing year. This volume, which is estimated at 123,517,385,000 
cubic feet, was greater by 36,000,632,000 cubie feet, or 41 per cent, 
than the output in 1915, which was itself a record yield. 

The market value of this gas was $11,983,774, a gain of $2,- 
787,970, or 30 per cent, over the value of the gas produced in 1915. 
The failure of the statistics of value to record an increase commen- 
surate with the volume is accounted for by the facts that they 
are based on the prices received for gaa at the point of consump- 
tion and that relatively more Oklahoma gas was distributed at in- 
dustrial rates than at domestic rates in 1916, as compared with 
1915. 

The influence of the increased distribution of gas to industrial 
consumers is shown in the statistics of the average price per thou- 
sand received for Oklahoma gas in 1916. This was 9.70 cents, com- 
pared with 10.51 cents in 1915, a loss of 0.81 cents, or nearly 8 per 
cent, in 1916. 

The' greater part of the gas produced in Oklahoma in 1916 
came from the Gushing district and its southward extension, the 
Shamrock district, in Creek county. In the Gushing district the 
open-flow capacity of the gas wells completed in 1916 averaged ap- 
pireciably lower Uian that of the wells completed in 1915. Devel- 
opment work in the Shamrock district resulted in the completion 
of many gas wells of large capacity, the largest of which was prob- 
ably the initial well of the McMann Oil company, on the Williams 
farm in sec 4, T, 16 N., R. E. This well was completed early in 
Februaty and was credited with an ' initial open-flow capacity of 
70,000,000 cubic feet of gas a day from the Bartlesville sand. The 
completion of wells credited with initial open-fiow capacities of 
30,000,000 to 50,000,000 cubic feet of gas a day was by no means an 
uncommon feature of the development work in this district in 1916. 
Some of the gas produced in this district was unavoidably lost, but 
much of it was either piped away for immediate consumption or 
sealed off in the productive sands for future use. 

In western Pawnee county new territory of considerable prom- 
ise was opened in January, 1916. The initial test was drilled by 
Watchorn and others in sec. 32, T. 23 N., R. 3 E., and was completed 
as a gas well credited with a capacity of 35,000,000 cubic feet from 
two sands reached at reported depths of 1,840 and 2,150 feet. 

Near Ingalls in the east central part of Payne county, a pro- 
lific area of gas production was proved in 1916 in sees. 27 and 34, 
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T. 19 N., B. 4 E,, one wrfl in sec. 27 of this township completed in 
AufiTust by the Fortuna Oil company being credited with an initial 
open-flow capacity of 60,000,000 cubic feet of gas a day. In the 
southern part of Washington county a number of gas wells ranging 
in initial open-flow capacity between 5,000,000 and 10,000,000 cubic 
feet a day were completed by the Quapaw Gas company, in 1916 
near Ochelata. The interesting feature of this district lies in the 
fact that the gas is obtained from what is believed to be the Pitkin 
limestone, near the top of the Mississippian series and in this lo- 
cality about 300 feet below the Bartlesville sand, the principal 
source of oil and gas in northeastern Oklahoma. 

In the Blackwell district, Kay county, the results of drilling in 
1916 added further proof of the enormous potentialities for gas 
production possessed by this district. A few gas wells of large ca- 
pacity were completed during the year, but in most of the wells 
the gas was "mudded oflf" in the productive sand for future use. 

In Kjoble county natural gas territory of much promise was 
opened in July near Billings by the completion as a gas well hav- 
ing an estimated initial capacity of 6,000,000 cubic feet of a wild- 
cat test drilled by the Mid-Co. Petroleum company on the Hoover 
farm in sec. 22, T. 23 N., R. 2 W. 

In the southeastern part of Wagoner county development 
work in the Stone Bluff pool, discovered late in 1915, resulted in the 
completion of a number of prolific gas wells. 

The discovery at a depth of 2,972 feet of a flow of gas esti- 
mated at 5,000,000 cubic feet a day in a test well drilled in sec 16, 
T. 8 N., R. 11 E., aroused considerable speculation as to the presence 
of an important gas field near Lamar, Hughes county. 

Aside from the occasional completion of a prolific gas well in 
the southeastern part of the Healdton district. Carter county, in- 
terest in natural gas developments in this locality in 1916 was 
centered in the Fox pool, 6 miles north of this district, where it 
will be recalled a gas well credited with an initial capacity of 20,- 
000,000 cubic feet was completed by the Gypsy Oil company late in 
December, 1916. During 1916 gas from this well was utilized as fuel 
for the drilling of additional wells in this locality and was piped to 
Ardmore to increase the failing supply piped to that city from the 
old Wheeler field. In October, 1916, one additional gas well was 
completed in this new field. It was drilled by Phillips & Franklin 
in sec. 29, T. 2 S., R. 3 W., and was credited with an open-flow ca- 
pacity of 46,000,000 cubic feet of gas. Late in December well No. 
2 of the Gypsy Oil company, in Sec. 28, was drilled into a prolific 
gas sand encountered at a reported dept^ of 2,080 feet, and at the 
end of 1916 efforts were being made to seal off the productive sand 
in order that the well mji^t be deepened. Its open-flow capacity- 
was estimated at 50,000,000 cubic feet of gas a day. 
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Exclusive of the welle that yielded both oil and gas there were 
386 gas wells completed in Oklahoma in 1916. At the end of the 
year 1,409 gas wells were in service in this state. 

Aside from supplying the gas required by consumers residing in 
Oklahoma, the gas fields of this state supplied a large volume of 
natural gas to consumers in Missouri, Kansas and Arkansas. 

CONSUMPTION. 

Including the gas piped from Oklahoma to the lead and zinc 
■ district of southwestern Missouri, the volume of natural gas con- 
sumed in Oklahoma in ldl6 was about 93,704,221.000 cubic feet. 
This volume was greater by 28,012,856,000 cubic feet, or 30 per cent, 
than the volume consumed in 1915. Its market value was $7,062,142, 
a gain of |2,003,616, or 28 per cent, over the value of the gas con- 
sumed in 1915. 

The average price per thousand paid by all classes of consum- 
ers to which this gas was distributed, was 7.54 cents in 1916, com- 
pared with 7.70 cents in 1915 and 7.61 cents in 1914. 

Of the total volume of gas consumed in 1916 it is estimated 
that 10,723,336,000 cubic feet, market value $1,915,758, was dis- 
tributed to 79,724 domestic consumers, at an average price of 17.87 
cents a thousand, and that the remaining volume of 82,980,885,000 
cubic feet, market value $5,146,384, was distributed to 2,327 in- 
dustrial consumers, at an average price of 6.20 cents a thousand. 

Comparison of the statistics of natural gas consumption for 
domestic purposes in 1915 and 1916 shows in 1916 increase of 11,- 
850, or 17 per cent, in the number of consumers favored with 
natural gas service, but of only 7 per cent in the volume of gas 
used, and of 6 per cent in its total market value, despite a reduction 
of 0.10 cent, or 1 per cent, in the average price per thousand paid 
for the gas. Calculation based on the total number of domestic 
consumers favored with natural gas service at the end of 1916 in- 
dicates that the average monthly consumption of natural gas by 
each consumer in 1916 was 11,200 cubic feet and that the average 
monthly cost of this service was only $2. The average actual con* 
sumption was undoubtedly slightly greater than is indicated by 
these figures as a consequence of the fact that 17 per cent of the 
domestic consumers were supplied with gas during only a part 
of the entire year. 

Comparison of the statistics of natural gas consumed for in- 
dustrial purposes in the same two years shows in 1916 gain of 110, 
or 25 per cent, in the number of consumers supplied, of 49 per cent 
in the volume of gas consumed, of 58 per cent in the market value 
of that gas, and of 0.35 cent, or 6 per cent, in the average price per 
thousand paid for it. 
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A further analysis of the statistics of natural gas consumed for 
industrial purposes in 1916 indicates that 46,246,844,000 cubic feet 
market value $2,701,158, was distributed to 366 industrial plants 
for direct consumption in manufacturing processes, such as the 
smelting of metals, the making of glass, the burning of brick, and 
the manufacture of carbon black, at an average price of 5.84 cents 
a thousand, and that the remaining 36,734,041,000 cubic feet, 
market value $2,445,226, was distributed to 1,961 industrial plants 
for use as fuel in the generation of power, as in gas engines and 
under steam boilers, at an average price of 6.66 cents a thousand. 

Of the volume distributed in 1916 for direct use in manufac- 
turing it is estimated that 26,209,069,000 cubic feet, market value 
$1,385,059, an average price of 5.3 cents a thousand, was consumed 
in the smelting of metals in Oklahoma. Ck)mpared with the con- 
sumption for this purpose in 1915 these data show in 1916 gain 
of 62 per cent in volume, of 73 per cent in market value, and of 0.4 
cent, or 8 per cent, in average price per thousand. 

Smelters in Oklahoma supplied with natural gas in 1916 are 
located as follows: Bartlesville, 3 plants, owned by the National 
Zinc company, and the Bartlesville Zinc company, Collinsville," 2 
plants, owned by the Bartlesville Zinc company and the Tulsa Fuel 
& Manufacturing company; Henryetta, 3 plants, owned by the 
Western Spelter company, the Henryetta Spelter company, and the 
Eagle-Picher I«ad company; Kusa, 2 plants, owned by the Kusa Spel- 
ter company, and the Oklahoma Spelter company ; Checotah, 1 plant, 
owned by the United States Smelting company; Quinton, 1 plant, 
owned by the Quinton Spelter Company; Sand Springs, 1 plant, 
owned by the United States Zinc company; and Blackwell, 1 plant, 
owned by the Bartlesville Zinc company. 
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PEPTH AND KOCK PRESgLBE OF WELLS l.\ OKLAHOMA, 1912-1016. 
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PEODUCTION. 

The volume of natural gas produced in Louisiana in 1916 was 
greater than that produced in this state in any preceding year in 
the history of the local gas industry. It amounted to approximately 
32,080,976,000 cubic feet, and at the average selling price of 8.29 
cents a thousand cubic feet, added 12,660,446 to the mineral wealth 
of the state in that year. 

Compared with statistics for 1915 these data show gain in 1916 
of 6,540,683,000 cubic feet, or 26 per cent, in the volume of gas 
produced, and of |496,511, or 23 per cent, in its total market value, 
but a decline of 0.18 cent, or 2 per cent, in the average unit price at 
which this gas was sold. 

As the available supply of natural gas in Louisiana is consid- 
erably in excess of the facilities for marketing it, the increase in 
production can be accounted for in part by the extension of exist- 
ing transmission lines. As the production of natural gas in this 
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state la largely incidental to the development of its oil fields, some 
part of the increase in gas production in 1916 must be ascribed to 
the fact that activity in the quest of petroleum in Louisiana was 
18 per cent greater in that year than it was in 1915. Other fac- 
tors contributing to this increase include augmented demands for 
natural gas for drilling purposes in the oil fielda for consumption as 
fuel by large industrial consumers, and for utilization in five' new 
plants for the extraction of gasoline from natural gas 'installed in 
this state in 1916. 

A fair proportion of the increased output of natural gas in 
Louisiana in 1916 came from wells in the immediate vicinity of 
Shreveport in the southern part of Caddo parish. The remarkable 
success attained in the quest of natural gas in this locality in 1915 
resulted in the drilling of additional wells in 1916 and in the com- 
pletion of a number of gas wells of large capacity in the Harts 
Island district, just south of Shreveport, in the Cross Lake district, 
a few miles west of this city, and in the area northwest of Shreve- 
port, between this city and Blanchard. 

Persistent efforts, over a period of several years, to find petro- 
leum in commercial quantities in Bossier Parish were rewarded in 
1916 by the discovery of a prolific gas field in the vicinity of 
Elmgrove, about 20 miles southeast of Shreveport. The discovery 
well drilled by the Atlas Oil company, was completed in January 
on the Elston lease in sec. 20, T. 16 N., R. 11 W., and was credited 
with an initial fiow of 3,000,000 cubic feet of gas a day from a sand 
reached at a depth of about 900 feet. The completion of well No. 2 
on this lease in February as a 30,000,000-foot gasser furnished the 
real incentive for additional drilling in this locality. Several gas 
wells of large capacity were completed in this new field during 1916, 
but to the end of the year the only markiet for the gas was the very 
limited one provided by the requirements for drilling purposes of 
companies operating in the same field. 

A gas field of considerable potential importance was also dis- 
covered in 1916 in Morehouse Parish, in the northeastern part of 
Louisiana. The discovery well drilled by the Progressive Oil & 
Gas company, was completed in September on the Spyker tract in 
sec. 9, T. 20 N., R. 6 E., and was credited with an initial open-fiow 
capacity estimated at 5,000,000 cubic feet a day and a rock pressure 
of 800 pounds to the square- inch, from a sand reached at a depth 
of about 2,200 feet. The completion in November by the same com- 
pany of its second well. No. 1 Fisher, in Sec. 33 of the township to 
the north, as a 10,000,000-foot gasser at a depth of about 2,250 
feet resulted in the starting of a number of other wells in southern 
Morehouse and northern Ouachita parishes, which, however, re- 
mained uncompleted to the end of 1916i. Plans were made to pipe' 
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the gas from this field to Bastrop, Monroe, and West Monroe in 
1917. 

The greater part of the natural gas produced in Louisiana in 
1916 came as usual from the oil districts in Caddo, De Soto, and 
Red River parishes; a small percentage, however, consumed near 
the source of production, was obtained from scattered wells in Natch- , 
itoches, Rapides, Richland, La Fourche, Ouachita, Claiboume, Cal- 
casieu, Terrebonne, and Vermilion parishes. 

During 1916 the number of producers of natural gas in Louis- 
iana increased from 57 to 78, and at the end of that year there were 
263 gas wells in service in the state, compared with 253 at the end 
of 1915. 



CONSUMPTION. 

Including the gas piped from Louisiana to adjacent parts of 
Arkansas and Texas, the volume of natural gas consumed in Louis- 
iana in 1916 was equivalent to the volume produced, as no gas 
from other states is consumed in this state. 

Of the total volume consumed in 1916 about 3,890.562,000 cubic 
feet, or 12 per cent, valued at $1,149,336, or 43 per cent of the total 
market value of the gas consumed, was distributed to 32,257 do- 
mestic consumers at an average price of 29.54 cents a thousand, the 
remaining 88 per cent of the volume, representing 57 per cent of the 
total market value, being distributed to 679 industrial consumers at 
an average price of 5.36 cents a thousand. Compared with statis- 
tics of the consumption of Louisiana gas in 1915, these data show 
in 1916 gain of 7 per cent in the number of consumers, of 2 per 
cent in the volume, of 11 per cent in the market value, and of 2.67 
cents, or 10 per cent, in the average price per thousand feet of gas 
supplied to domestic consumers, and gain of 14 per cent in the 
number of consumers, of 30 per cent in the volume, of 33 per cent 
in the market value, and of 0.14 cent, or 2 per cent, in the average 
unit price of gas distributed to industrial consumers. 

On the assumption that an average of 31,200 domestic con- 
sumers were supplied with Louisiana gas each month in 1916, the 
average monthly consumption of each consumer in that year was 
10,400 cubic feet, and the average monthly cost of natural gas serv- 
ice to each domestic consumer was |1.96. 

No material changes were made in 1916 in the natural gas dis- 
tributing systems in Louisiana, as outlined in the report of this 
series for 1915. 
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The volume of natural gas produced and utilized in Texas in 
1916 was greater than in any preceding year in the history of the 
natural gas industry in the state. It amounted to 15,809.579,000 
cubic feet, a gain of 2,485,832,000 cubic feet, or 19 per cent, over the 
volume produced in 1915, and was 18 per cent larger than the 
record yield of 13,433,639,000 cubic feet in 1914. 

The market value of the output in 1916 was $3,143,871, a gain 
of $549,998, or 21 per cent, over the value of the output in 1915, 
and of $674,101, or 27 per cent, over the value of the output in 1914. 

The average price at which Texas gas was sold in 1916 was 
19.89 cents a thousand cubic feet, a gain of 0.42 cents, or about 2 
per cent, over the average in 1915, and of 1.51 cents, or about 8 
per cent, over the average in 1914. 

The increase in the volume of natural gas produced in Texas in 
1916 is accounted for principally by the extension of facilities for 
natural gas consumptionu raUier than by the development of strictly 
new sources of production. The principal contributor to the in- 
creased yield was the Strawn district in Palo Pinto county, which 
in 1916 furnished a large volume of natural gas to industrial plants 
and to a few domestic consumers at Thurber. Production of gas in 
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the Mexia district, Limestone county, was materiaUy increased in 
1916 as a result of the extension of natural ^as service to a taree 
number of domestic consumers in the city of Waco in that year. A 
part of the increase is ascribed also to the increased conservation 
of oil-field gas in the oil districts of north-central Texas as a con- 
sequence of the operation there Of four plants for the manufacture 
of casing-head gasoline in 1916, compared with one plant in 1916. 

The principal area of the commercial production of gas in Texas 
is the Fetrolia oil and gas district, in Clay county, which supplies the 
gas consumed in Dallas and Fort Worth, as welt as in a number of 
other cities and towns in north-central Texas. The drain on this 
field necessary to supply the needs of these communities had so 
diminished the pressure and volume of gas in 1916 that on Septem- 
ber 30 the principal distributor of gas from the Fetrolia field was 
compelled to forego the distribution of gas to industrial consumers 
in order that the supply remaining might be conserved for the bene- 
fit of domestic consumers. This action, though regrettable, is amply 
justified by the principles of true conservation, which require that 
natural resources shall be exploited on the basis of the greatest 
good to the greatest number. At the end of 1916 there were 56 
gas wells in the Fetrolia district, exclusive of a few wells that pro- 
duced both gas and oil. Thirteen new gas wetls were completed 
and 13 were abandoned in this field in 1916. The average closed 
pressure of the wells in the Fetrolia field was about 175 pounds to 
the square inch at the end of 1916, a decline of 65 pounds during 
the year, against 90 pounds in 1915 and 180 pounds in 1914. 

Second in importance as a source of natural gas in Texas is the 
Mexia-Groesbeck field, in Limestone county, which supplies the gas 
consumed in Waco and Corsicana, as well as in a number of towns 
in the immediate vicinity of the field. The volume of gas marketed 
from this field in 1916 was greater than in any other year since the 
field was discovered in 1912. Twelve gas wells were completed and 
6 exhausted wells were abandoned in this field in 1916, and at the 
end of the year 53 gas wells were in service. The average closed 
pressure of these wells was 180 pounds to the square inch at the 
end of 1916, compared with 200 pounds at the end of 1915, 240 
pounds at the end of 1914, 273 pounds at the end of 1913, and 275 
pounds at the end of 1912. 

In the Moran oil and gas field in Shackelford county, which sup- 
plies the gas consumed in the towns of Moran, Baird, Clyde, Fut- 
nam, and Abilene, there were no important developments in 1916. 
North of the IMoran district in Throckmorton county a gas well of 
small capacity was completed in March on the Matthews ranch, a 
short distance from a similar well drilled three years earlier. 

The piping of natural gas to consumers in and near Thurber, 
Erath county, in 1916, directed attention to the source of that gas 
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in the Strawn district. Palo Pinto county. This field, which lies 
about 2 miles southwest of Strawn, was discovered in 1914 by the 
Texas & Pacific Coal company in the course of teat drilling to deter- 
mine the position and thickness of a coal bed in that locality. With 
the discovery of petroleum to the north of the g&s pool in 1915 little 
effort was made to utilize the gas for the purposes other than 
drilling until 1916. At the end of 1916 there were about 50 wells 
with a combined capacity of perhaps 66,000,000 cubic feet of gas a 
day in this field. These wells range in depth from 900 to 1,800 feet 
and in closed pressure up to 650 pounds to the square inch. Many 
of them are capped, awaiting the provision of facilities for the mar> 
keting of their product. 

A new gas field of considerable promise was opened in 1916 
in the eastern part of Palo Pinto county. The initial well in this 
field was drilled near the end of 1916 on the Hess ranch, 5 miles 
south of Mineral Wells, and, after encountering gas in fair volume 
in a sand reached at a depth of 720 feet, was drilled deeper in quest 
of oil and ultimately lost by flooding in January, 1916. A second 
well a few hundred feet to the northeast, completed in February, 
1916, was credited with an initial capacity' of 3,000,000 cubic feet 
of gas from a aand found at a reported depth of 1,060 feet. The 
completion in March as a gas well of fair capacity of a test on 
the Edmonson ranch. 7 miles south of' Mineral Wells, confirmed the 
discovery of an important gas field in this locality. Subsequent 
drilling proved the productivity of the territory between the Hess 
and the Edmonson wells and attracted to the district the Doherty 
interests, which acquired in July a controlling interest in the new 
field that assures its efiicient development. 

In Stephens county, west of Palo Pinto county, and in Parker 
county, east of it, gas in fair volume was found in wells considerably 
in advance of the Strawn district and of the Edmonson-Hess area. 

No new development took place in the Bangs gas field, in Brown 
county, in 1916, three wells supplying the fuel needs of some 85 
consumers in the town of Bangs, 

In Coleman county tests drilled for oil between Santa Ana and 
the old Trickham gas field in the southeastern part of the county 
furnished encouragemei\t to the further quest for oil in the locality 
and added materially to the supply of natural gag available for field 
use and for consumption in Santa Ana. 

Wells in the Reiser gas field in Webb county supplied, as in pre- 
vious years, the natural gas consumed in Laredo. During 1916 a 
pipe line was constructed by the Border Gas company, from Laredo 
to the Jennings ranch gas field in northern Zapata county, SO miles 
southeast of Laredo, and plans were completed for substituting gas 
from this source for that formerly obtained from the nearly ex- 
hausted Reiser field. 
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Six wells in the Crowtber sua field, in McMuUen county, supply 
natural 8:a8 to consumera in the town of Crowther, Ten other gas 
wells in this district are not in use. 

In the Corpus Christi district, on the. north side of Nueces Bay, 
in San Patricio count?, little substantial progress was made in the 
development of the enormous resources of gas already proved to 
exist. On December 31, 1916, a gas well, the initial capacity of 
which was estimated in excess of 100,000,000 cubic feet of gas a 
day, blew itself in on the White Point lease of the Gulf Petroleum 
company, about 800 feet north of a similar well drilled in 1914. 
This well was completed the firat week of January, 1916, but broke 
its heavy fittings on January 12 and ran wild for several days. On 
January 17 it caught fire and for nearly two months burned fiercely, 
forming about its mouth, as in the case of. its predecessor, a seething 
crater of water, mud and burning gas that engrulfed the remnants 
of the drilling rig and eventually choked the hole. The third well 
on this lease came in on July 16 with an estimated initial capacity 
of 20,000,000 cubic feet of gas a day, under a rock pressure of 600 
pounds to the square inch. After blowing gas for several days this 
well was capped, and when opened later in July was found to have 
gone to salt water, barely enough gas being available for addi- 
tional drilling in the locality. After running wild for more than a 
year well No. 1, of the Gulf Coast Oil and Gas company, on the 
Kirk tract, 2 miles east of the White Point wells, was finally brought 
under control and capped in December, 1916. Although a franchise 
was sought for supplying the gas from this well to the town of 
Corpus Christi, no active steps were taken toward marketing its 
product in 1916. 

In practically all the oil fields in Texas more or less gas is 
used for drilling and pumping operations, and in various localities 
in the state, scattered wells, some of which are essentially water 
wells, furnish enough gas to satisfy the domestic requirements of 
one or more families each. 

At the end of 1916 there were 257 gaa wells in service in Texas, 
a net gain of 43 wells, or 20 per cent over the number in service at 
the end of 1915. 

CONSUMPTION. 

Aside from the natural gas piped into Texas from Louisiana 
for consumption in half a dozen towns adjacent to the state boun- 
dary, which is accounted for in the statistics for Louisiana, the 
volume of natural gas consumed in Texas in 1916 was equivalent 
to the volume produced, as no gas was piped from Texas to other 
states in that year. 

Of the natural gas from intrastate sources consumed in Texas 
in 1916, some 5,423,295,000 cubic feet, or about 34 per cent, valued 
at ?2,112,893, or 79 per cent of the total market value, was dia- 
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tributed to 68,218 domestic consumers at an average price of 38.96 
cents per thousand cubic feet. 

Compared with the statistics of natural gas consumption for 
domestic purposes in Texas in 1915 these data show gain in 1916 of 
16 per cent in the number of consumers favored with natural gas 
service, of 10 per cent in the volume of gas consumed, of 14 per cent 
in the market value of the gas, and of 1.24 cents, or 3 per cent, in 
the unit price at which the gas was sold. 

On the assumption that an average of 63,802 domestic consum- 
ers were supplied throughout the entire year, the average volume of 
gas consumed monthly by each consumer was about 7,100 cubic 
feet and the average monthly cost of natural gas service to each 
consumer was about $2.76. 

The remaining 66 per cent of the Texas gas consumed in 1916, 
representing 21 per cent of the total market value, was distributed 
to 931 industrial consumers at an average price of 9.93 cents a 
thousand. 

Compared with the statistics of naturat-gas consumption for in- 
dqstrial purposes in Texas in 1915, these data show gain in 1916 
of 35 per cent in the number of consumers, of 24 per cent in vol- 
ume of gas consumed, of 40 per cent in the market value of the gas. 
and of 1.17 cents, or 13 per cent, in the average unit price at which 
the gas was sold. 

RECORD OP -NATrRAL GAS INDUSTRY IX TEXAS. 1809-1918. 



1,405.07: 
2.1): 3, 8 £3 
1.400.7;* 
2,503.873 
3.143.871 



Since 1916, the supply of gas in Kansas has decreased while the 
demand has increased so that there is a noticeable gas shortage in 
that state. 

In Oklahoma, the supply from the Cushing field has fallen off 
with extreme rapidity and Blackwell has become the important gas 
producing pool. Osage county has furnished many good gas wells. 
In southern Oklahoma the Cement and Walter fields have been de- 
veloped and the gas from the Loco field has been utilized. 

In Texas, the new Burkburnett pool and the Ranger field have 
given some gas wells, and very large producers have been brought 
in in southeastern Eastland and northwestern Comanche counties. 

A gas well reported at 5,000,000 daily capacity was brought in 
during 1918 north of Amarillo, and a good flow of gaa is reported 
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from a well near Red river in Starr county. These wells may in- 
dicate important gas fields but both are far removed from the larg- 
er markets. 

The rates for gas have risen somewhat but not in proportion 
to the increased cost of production. Some relief from this condi- 
tion in Kansas was given by the granting of increased rates by cer- 
tain cities but this matter is still in the courts. 
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CHAPTER IX. 



ESTIMATION OF PETROLEUM RESERVES. 



VALUATION OF OIL PROPEBTIES. 

At the present time there is an increasinsr demand, on the 
part of owners and operators of oil properties, for detailed and thor- 
ough reports on the value of theae properties. The necessity and im- 
portance of such information has long been realized, but until very 
recently there has never existed a general demand for the scientific 
valuation of oil properties. It was commonly supposed that any exact 
methods for determining the value of these properties existed only 
in the imagination of a small group of individuals who were willing 
to express themselves upon the subject, and these methods were gen- 
erally neglected in favor of seemingly more practical methods, us- 
ually original with each individual and nothing more than each 
one's persona] opinion. 

It is true that inventories of supplies and apparatus for stock* 
taking or insurance purposes were very common, but valuations 
of oil properties, in the sense that the term is used at the present day 
as the basis of sale, capitalization or taxation were, until quite re- 
cently, very unusual. 

At this time the need for such information has been called very 
forcibly to the attention of owners and operators, as a result of the 
Revenue Acts of 1916, 1917 and 1918, which levy a tax upon the net 
income received by individuals and corporations, engaged in the op- 
eration and development of petroleum properties. The amount of the 
income from these properties upon which this tax is levied is based 
upon a detailed report of the value of these properties as of a specified 
date. The preparation of these reports calls for information and 
data, the need for which has long been realized, but which for nu- 
merous leasons have rarely been recorded fully. 

Even at present there exists no general practice nor well formu- 
lated theories for the valuation of petroleum properties. This is in- 
dicated by the generally confused state of mind of owners and opera- 
tors, the divergent views of those engaged in the work, and the con- 
tradictory positions taken by the technical and so-called practical 
men as to the proper basis of valuing such properties. 
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It is not within the limits of this chapter to treat fully of the 
various methods used in evaluating petroleum properties. However, 
the most important, and yet, the most variabl4 factor in reports on 
the value of these properties, is the estimate of the amount of oil or 
gas in reserve on these properties. A great amount of research work 
has been done by different men in an attempt to devise methods, ' 
by the use of which, it would be possible, within a reasonable limit 
of accuracy, to estimate the reserves, and much valuable informa- 
tion on this subject exists in various technical papers. 

The purpose and intent of this chapter is to present the more 
general methods which have been suggested from time to time, 
briefly explaining their use and application, and summarizing the 
advantages and disadvantages of each method as they appear at 
present. None of the methods are original with the writer, 
although a considerable amount of work has been done along 
lines suggested by each of the various authors. In the following 
paragraphs an attempt has been made to give- credit to the origi- 
nal investigators along these lines. 

ESTIMATION OF PETROLEUM RESERVES. 

There are two common, yet distinct, methods of estimating the 
reserve amounts of oil and gas, which are usually known as the 
"Saturation Method" and the "Production Curve Method." 
Saturation Method. 

The "Saturation Method" can be used in an attempt to estimate 
roughly the possible oil or gas content of any particular sand. Its 
most useful application is to that of areas which have not be«i 
drilled.* 

This method involves the use of many factors, none of which 
can be directly determined with any degree of certainty. These fac- 
tors stated in the order in which they are usually determined are: 

(1) Volume of the productive formation that acts as a reser- 
voir for the oil. 

(2) The porosity of this formation, or the maximum volume 
of gasses and fluids that may be contained in a unit volume of the 
tormation. 

(3) The relative saturation or the percentage of the porous 
spaces occupied by oil. 

(4) The percentage of oil recoverable. 

Of the above factors, the first, or the volume of the formation 
that acts as a reservoir, is capable of being determined more accu- 
rately than any of the others. In fields where the formations are 
fairly uniform in regard to thickness and lithology over extensive 

*The "Sntuidtlon Method" 1b rUscussed In tbe following; nrtlcles: 
Washbume. C. W.. Trane. A. I. M. E.. 1015. P. 045. 
Pack. r. W.. Boll. .4, I. H. E.. No. 128. Aub. 1917. 
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areas, it is possible to determine the volume within reasonable 
limits of accuracy. This can be determined from measurements 
taken where the formation outcrops at the surface, and can be 
checked from data afforded by any ^vells within the area. How- 
ever, in most of the fields the productive sands vary greatly as to 
thickness and lithology and any calculations by this method of the 
voliune of the reservoir sands, when considered over extensive areas, 
will prove to be very unreliable. 

In areas where a resonable de^ee of reliance can be placed 
on the calculations of the volume of the reservoir sands, it then be 
conies necessary to determine the porosity of these sands. The 
porosity factor is very difficult to determine, and will vary between 
wide .limits from place to place throughout any one field. This va- 
riation is due to the local differences in the size of the grains, th^ 
shapes of the grains and the amount and nature of the cementing 
material in the reservoir rocks. The porosity of the productive 
sand as determined -from samples obtained from drill holes will dif- 
fer widely from that determined, from samples taken at the outcrop. 
It is almost impossible to determine an average porosity for any 
given area, so ^n assumed value is generally taken for this factor 

In some fields, particularly those of Mexico, the storage capacity 
of reservoir sands is greatly increased by joints and fissures. The 
estimated volume of these joints and fissures must necessarily be 
purely speculative. Up to the present time no suitable method has 
been presented for estimating the reserves contained in' joints, fis- 
sures, solution cavities, etc. 

The relative saturation cannot be measured directly. Either 
the sand is figured as being totally saturated, or a value for the 
saturation factor is assumed, which is expressed in percentage of 
total saturation. 

The above factors, either determined or assumed, when multi- 
plied together will give a quantity which in a rough way represents 
the maximum amount of oil which is contained in the sand. However, 
with the present methods of extraction, it is not possible to recover 
this entire amount from the sands. It again becomes necessary to 
assume an extraction factor. This factor multiplied by the quantity 
of oil computed to be in the sand will give a resultant figure, which 
represents the amount of oil which can be recovered from the area 

As has been previously stated, the advantage of the saturation 
method is that it can be applied to areas which have not been tested. 
The disadvantage of the method lies in the fact that it involves, 
largely, the assumption of values for the various factors which enter 
into its use. However, for an area in which conditions are favorable, 
and by the use of conservative values for the various factors, it will 
give a rough estimate as to the maximum amount of oil which can 
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reasonably be expected from the area. Thus, the method has a value, 
in that it will tend to prevent excessive initial investment. 
Production Curve Methods. 

Where sufficient data are available, the production curve method, 
in some one of its many modified forms, is almost universally used 
at the present time in estimatinsr future reserves. Although per- 
haps the simplest of all methods, yet, when sufficient data are availa- 
ble, it is generally conceded to be the moat accurate and reliable 
method of estimating the future production of oil wells. Production 
curves plotted on various forms of co-ordinate paper are graphical 
representations of the production record of an individual well, a 
group of wells, a lease, a pool or an entire field. The ideal curve is 
that which can be compiled from the records of an individual well, 
however, as such data are seldom available it becomes necessary to 
use the production records of a group of wells and compile a curve 
which represents the performance of an average well of the group. 
"The underlying principle of the method is that ike best indication 
of the future production of any well is to be found in the history of 
similar wells in the same or similar districts, and that, other things 
being equal, a well's production is more likely to approximate the 
producti6n of a similar well in the tract or district than to deviate 
widely from the average."* 

It is not necessary in the production curve method, as it is in 
the saturation method, to assume any values for any of the factors, 
which tend to influence production. The combined influence of these 
factors is automatically shown in the graphical record. From the 
records of past production of a well or property, the rate at which 
the production is declining can be computed. This rate of decline 
when plotted on co-ordinate paper tends to approach the form of a 
definite curve. The economic limit of the property is calculated 
from known conditions prevailing within the area, and the only 
problem now confronting the estimator is the extension of the curve, 
at the apparent rate of decline from the period of last recorded pro. 
duction to the economic limit of the property. 

The better policy is to construct decline curves of each property. 
This is done by plotting the average daily output per well, that is the 
total production of the property divided by the number of wells pro- 
ducing during each time period. If all the wells on the property 
were completed at approximately the same time this curve would 
show the decline in production of the property, and by properly ex- 
tending this curve, one could obtain for each property, an estimate 
of the future reserve, which would he based upon the past records 
of each particular property. However, this is not possible as it 

■Mflnivil for the Oil and Gas Industry. U. S. Barenu of Internnl B«venne, page 
27, 1919. 
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is very seldom that all of the wells on a property are drilled at ap- 
proximately the same time. The effect of the initial flush produc- 
tion of new wells drilled from time to time is to retard the rate of 
decline for the property. 

It is impossible to construct for each property, a decline curve, 
which would furnish sufficient basis for estimating the reserve, until 
the property has produced for thi;ee or four years. However, it is 
often desirable to know the amount of oil in reserve on a property 
before it has produced for a period of time sufficient to plot a de- 
cline curve of the particular property itself. In this event, it becomes 
necessary to use the decline curves of adjoining properties, a gen- 
eral decline curve of the area in which the property is located, or 
the decline curve of a similar property in a similar district. 

General decline curves of a district, pool or fleld, are compiled by 
averaging the values taken from the curves of a number of repre- 
sentative properties within the area. Great care must be exercised 
in the selection of properties to be used in compiling a general de- 
cline curve of a district, in order that the effect of deferred drilling 
will be a minimum. 

In a number of cases it is impossible to secure the data neces- 
sary to plot decline curves, or figure the rate of depletion of an oil 
property. Very often, due to indifference or neglect, the necessary 
data were never properly recorded or filed, and consequently portions 
of the production records of a property became lost. The accompany-, 
ing table or production record illustrates a simple method of record- 
ing production data of a property. The production of each lease is 
totaled every month and recorded on a card maintained for that par- 
ticular property. The numbers above the heavy black- line show 
the production, and number of wells producing for each month 
throughout the various years. The numbers below the heavy black 
line are computed from the recorded production data, and are the 
values used in plotting production curves. On the reverse side of 
the card, one side of which is shown in the table, is recorded the 
data necessary for filing and indexing, such as locations and descrip- 
tion of the lease, names of lessee and lessor, and a plat showing the 
lease with the location and the number of all wells on the property. 
Spaces are provided for remarks as to depth, thickness and general 
conditions of sand, gravity of the oil, water conditions, average ini- 
tial production, estimated reserve, etc. In this manner, a complete 
history of each lease is assembled and recorded on one card, and all of 
the data relative to any one property are available in a moment's no- 
tice. 
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In fix. 95 are shown some prodoctioD corves, which were plotted 
from values as shown hy the data below the heavy black line in the 
table. Corve "A" shows graphically the total yearly production and 
portrays a virid comparison of the total prodoction from the property 
from one year to another. In aU of these corves the time factor^ 
herein taken as yearly periods, is plotted horizontally and shown at 
*he bottom of the carves. Just above these latter figores are those 
indicating the average nomber of wells prodocing throogfaout each 
year. The production scales in terms of barrels are shown on the 
left, while the scales of percentages are shown on the right. Corve 
"B" indicates the decline, in barrels per average well per day, ex- 
pressed in terms of percentage of the first year's production. It 
must be emphasized that this curve represents the decline of an 
average well en the property and that the decline is ^^pressed in 
terms of percent of the production for the first year. 

Percoitage values are used in plotting this curve as well as 
carve "D" above, to allow a ready comparison of this property with 
any other in the same, or another district, Alsc it enables one to 
coropOe and plot a composite decline cnrve of the entire district by 



r>' Google 



Ettimatijon of Petroleum Reserves. 307 

averaging the decline curves of the representative properties within 
the area. 

If the production records for the first few years of any given 
property are available, the percent decline values can be computed, 
and the curve "B" plotted for the period covered by past production 
records. This curve is then extended at the apparent rate of decline, 
until the economic limit of the property is reached. Having ex* 
tended the curve the estimator can now compute within narrow lim- 
its, not only the total amount of oil which can be expected in the 
future, but also the rate of future production, or the amount which 
will be produced in any given year in the future. 

After decline curves are plotted for several properties in any 
given pool or field, the values of these curves may be averaged, and 
a general curve drawn for the entire pool or field. This curve then 
represents the decline of an average well in the pool or field. Hav- 
ing given the general decline curves for several fields, comparisons 
can be made, also a study of the factors which influence production 
in each field. 

Curve "C" (fig. 95) is the cumulative productiori graph showing 
the total amount of oil produced from the property at the close of any 
time period. The fractional figures on this curve indicate the time 
required to produce these fractional parts of the total amount of 
oil which may be expected to be produced. That is, one-fourth of 
the total* amount to be produced from the property was obtained in 
the first eleven months of the life of the property, one-half of the 
total amount in the first eighteen months, etc. 

Curve "D" (fig. 95) is the cumulative percent graph. In this ■ 
curve the cumulative production values are expressed in terms of 
percent of the first year's production. The ultimate percent of this 
property is shown to Iw 265 percent, i. e., the total amount of oil pro- 
- duced from the property is 2.65 times the production of the first full 
year. 

Another form of the production curve method is very often used 
and consists of drawing a curve showing the total production from 
the entire field per unit of time. Points on this cure are considered 
and the decline represented. This curve is then projected and an 
estimate is made of the future production. The objection to this 
method is that it assumes that new wells will continue to be drilled 
up to the time that the pool is drained. 

A slight modification of this method is to compute the decline of 
the entire field and also the rate of development. It is then assumed 
that this rate of development and rate of decline will continue until 
the field has been completely drilled. After the field has been com- 
pletely drilled the decline will be more rapid, due to the fact that 
there will be no new wells, the effect of which is to retard the rate 
of decline of the field. 
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Although many of the factors entering into this method vaty 
greatly, some very good results have been attained by the use of it, 
and with careful consideration and study of the various factors, 
some close estimates can be made. 

At the present time the production curve method is conceded to 
be the most practical method for estimating future reserves. One 
objection to the method is that it requires considerable time and care 
in collecting and filing the necessary data. Also that the curves can- 
not be constructed until the property has produced for several 
years. However, with sufficient data at hand, and a careful study of 
the factors which influence production, the decline curves of one 
property may be applied to another property producing under simi- 
lar conditions. 

Production Per Acre Method. 

This method is very often used in estimating the reserves on 
properties which are only partially developed. The production curve 
method is used to estimate the reserve on the developed acreage. 
The ultimate production of the developed acreage is then reduced to 
the amount of* oil produced per acre. The decline in acre yield 
is then computed and this quantity applied to the undrilled acreage. 
Fairly accurate estimates can be made by the use of this method, 
although considerable judgment must be exercised in its application. 
• ••*•*•••• «• 

Oil wells usually reach their maximum daily output shortly 
after they are completed. From that time they decline in produc- 
tion, the rapidity of the decline depending on the output of the 
wells and on other factors governing their productivity. The factors 
tending to influence the decline of oil wella are many. The effects of 
some are very great and are a basis for much consideration and 
study. The effects of others are almost negligible. It is only by a 
close study of the effects of these various factors as they influence- 
production, and incorporating these effects into the various decline 
curves, that accurate results can be expected in the estimating of 
future production from oil properties. 

Very often it becomes necessary to make a. rough estimate of 
the value of a property located in a new pool or field, but in territory 
wherein the limits of production have been fairly well defined by 
several producing wells and dry holes. In such instances the pro- 
duction data do not furnish an adequate basis for the construction of 
decline curves, and projecting them within a reasonable degree of 
accuracy. 

Although important data are lacking, by careful study and com- 
parison it is possible to make a fairly accurate estimate. The best 
indication of future production from wells ■ in the new field 
will be found by a comparison with the past records of wells in a 
similar district. This comparison requires careful study, and a 
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consideration of all the various factors which tend to effect the rate 
and ultimate amount of production. 

Future production from the new field can be estimated by com- 
puting the ultimate production of individual wells. However, this 
usually necessitates the estimating of initial productions, which in 
turn are depende)it upon the time of drilling and a number of 
other factors. This procedure greatly increases the limits of possi- 
ble errors. A more accurate estimate of future production can be 
made by computing acre yields in an oil field, and the application of 
these acre yields with the necessary modifications to the new field. 

Estimates of future reserves, «8 well as values of properties, in 
new fields are often changed very quickly. The change may be an 
increase or a decrease, dependent upon such influences as the com- 
pletion of certain test wells, unforeseen calamities such as sudden 
water flooding, etc. Althougfh the reserve has been estimated very 
accurately values are subject to great change owing to sudden va- 
riations in the price of oil. Therefore, estimated values given by 
the engineer are necessarily values existing at the particular time 
the estimate is made. However, they should include statements 
as to the indication of the future action of wells, and conditions 
effecting supply and demand, and the future prices of oil. 

Though necessarily inaccurate, these estimates of the value of 
properties in new fields have a distinct value in that they summarize 
existing knowledge of similar conditions in other fields. They also 
enable persons who are interested to formulate rational commercial 
policies, and tend to prevent undue and excessive initial investment. 

As was stated in the forepart of this article, the estimation of 
reserves is only one of the many items entering into a report on 
the valuation of oil properties. However, of all the items it is. 
without a doubt, the most important, and considerable research work 
remains to be done in devising methods which can be used to esti- 
mate, quickly and accurately the future production of oil properties. 

Naturally, geologists and engineers have been called upon to es- 
timate and determine the values of oil properties. The determination 
of the value of the intangible property, as well as the physical value 
is essentially a geological problem, because geologists and engineers 
with the proper experience and qualiAcations are beat informed, 
not only as to structural conditions and other factors influencing the 
accumulation of petroleum, but also as tc the expenses involved in 
getting a property started and building up an income producing 
business. 

This new and larger field of valuation work, however, has put 
new responsibilities upon the geological profession, demanding some- 
thing more in the way of a knowledge of the various factors which 
influence production, also a knowledge of values and questions of 
law and economics. 
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CHAPTER X, 



THE XATrBAL-GAS GASOLINE INDISTEY. 
B< ^. K. in-iriiT 



oes^ull and HISTOUCAI- 

Coiscident vith the wonderful development of the automobile 
industiT and the enormous demand for m^tor fuel resultioj; from 
it, there also baa been a remarkable development in the petroleum in- 
dustry to meet the burden of the ever grxtving demand for a suitable 
motor f aeL 

At the present time the two main sources of gasoTine mo:or fael 
are petroleum and natural gas. Until within recent year compara- 
tively speakinir, gasoline in this country was produced almost en- 
tirely by the refining or distillation of petroleum. This condition ex- 
isted until approximately 1907 when the demand for gasoline began 
to increase, and with the increasing demand there was subsequently 
created a better market and price for the product. L'ntil this demand 
was created by the widespread use of the aatomoblle and the interna! 
combustion motor, gasoline was practically considered of little com- 
mercial value, and it has been reported that in some instances was 
di^Msed of by the refineries as refuse. At this period in the refining 
indostry, lamp oil and lubricants were in danand. and the refinery 
operations were cond'jcted principally for the production of these 
two products. 

Early in the history of the production of petroleum the men wh? 
were identified with the field work noticed the accumulation cf a 
c:>Ddensate in the cas lines from both oil and gas wells, and the 
remarkable similarity of the condensate and gasoline. However, 
no marked attention was given to the C3ndenfate then as there was 
no known method of using it. Later, however, when the desiasd 
ani price fcr gasoline started upwanis. attention was turned t) 
the recovery and uti'.ixation of the condensate, or as we now call it. 
drip gasVine. which rapidry resulted in the developnaent of the nat- 
aral-gas gaso'-ine industry. 

Table So. 1 will show the progress made by the industry frsm 
year to year. Beccrds show bat one p'.ant in operat:?n in IP-M bat 
in 1911 there were 176 plants. Each year since thea has 5ii>w:: a 
material increase in both plants and production. 
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The year 1917 has shown the most remarkable development 
in both value and ^llonase. The accompanying table (No. 2), com- 
piled by J. D. Northup, of the United States Geological Survey, De- 
partment of the interior, shows the production by states, and also 
the amounts produced by the compression and absorption processes. 

While table No. 2 shows the value of the year's production to be 
$40,188,956, it reflects only a small portion of its true economic 
value. Natural gas gasoline as it is produed cannot be used effi- 
ciently for motor fuel, owing to certain inherent characteristics. 
However, it is mixed, or rather blended, with a refinery product 
which is usually too low in grade to be marketed as gasoline or 
motor fuel. The two products are mixed in approximately equal 
proportions, and when properly blended make an ideal motor fuel. 
Based on the above blending proportions the natural gas gasoline 
industry added 435,704,208 gallons of motor fuel to the supply of 
that product for 1917. 

While the relative increase in production for 1918 is not ex- 
pected to be as large as the increase of 1917 over 1916, it will show 
a marked advance both in quantity and also in value. 

Naturally this additional supply of motor fuel has had an effect 
on the price of it, keeping it at a level in this country which never 
restricted the use of the automobile. It was also an immense value 
to the Allies, enabling them to secure not only the quantity to meet 
their requirements, but also the quality which was of especial im- 
portance in the aviation fuel requirements. 

PBOCES8BS OP MANUPACTUBE. 

Natural-gas gasoline is produced by two processes- -absorption 
and compression — and the product is generally spoken of as absorp- 
tion or compression gasoline. The gas treated is usually classified 
as ^ wet gas or a casinghead gas, which comes from a well producing 
oil, or as dry gas, which comes principally from a well producing 
gas only. However, there are exceptions to thi.'i classification. Gas 
having a gasoline content higher than one gallon per thousand cubic 
feet, is spoken of as a wet gas, while that having a content less than 
one gallon is spoken of as dry or lean gas. At the present time dry 
gas has only been treated on n commercial basis by the absorption 
process. The majority of the plants treating wet gas are of the 
compression type, although the absorption process can be operated 
with excellent results on wet gas also, especiall? so on large quan- 
tities. 

Compression Method. 

The compression-type plant generally draws its gas supply from 
the oil wells by the utilization of suction or vacuum pumps. By se- 
curing the gas supply in this manner the vapor pressure on the oil 
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sands is reduced and a larger amount of hydrocarbon or gasoline 
vapors are released from the oil sand than could be by taking the gas 
from the well at its normal pressure. After coming from the field 
the gas passes through a trap or settling chamber to free it from 
any foreign matter such as scale, sand, water or ail. It is then 
metered and then goes into a low stage compressor where it is com- 
pressed to about fifty pounds gauge pressure. From here it passes 
tiirough a pipe coil sprayed by water and then it passes into an ac- 
cumulator tank. Any condensate that has been formed falls to the 
bottom of the tank. The gas passes back to the high stage com- 
pressor where its pressure is raised to about 250 pounds, and from 
here discharges at the same pressure into another series of water 
cooled coils and then into another accumulator tank where addi- 
tional condensate is collected. In the average plant the condensate 
is then mixed with naphtha or distillate and is ready for ship- 
ment to the refinery where it is made into a finished motor fuel. 
The fiow sheet for such a plant is shown in fig. 96. 

The larger and more efiicient compression plants, however, go 
farther in their operation than that outlined above. They take the 
gas as it leaves the high stage accumulator and subject it to a low 
temperature secured by expansion or refrigeration and extract addi- 
tional condensate; in some cases the increased recovery amounts to 
15 per cent. After the gasoline has been extracted the gas is then 
used for fuel to operate the plant and the oil lease. If there is an 
excess it is generally sold to a gas company. 

A few of the very large installations of the compressor method 
in Oklahoma handle the gas gathered from a thousand wells or more, 
and have gas engine power which runs up as high as 2,000 powef. 
There are many plants throughout the country, however, operating 
successfully whose power requirements run less than 100 horse 
power. 



PrvnciTHea of Compression. 

Casinghead gasoline consists of various members of the me- 
thane group of hydrocarbons, especially butane, pentane and hexane. 
Butane at atmospheric pressure boils at 33 degrees F., pentane at 97 
degrees F., and hexane at 156 degrees F. Small amounts of heptane, 
octane and even higher fractions are also present in small quantities. 

The pressure necessary to condense the gasoline vapors or frac- 
tions present in casinghead gasoline, depends entirely on the pro- 
portion of each to the amount of non-condensable gas present. To 
understand this, it is necessary to understand the '"Law of Partial 
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Pressures," which states that "Every portion of the mass of a g&a 
in a vessel contributes to the pressure against the sides o£ the vessel 
the same amount it would have exerted, had no other gas been 
present." 

For example, air contains approximately 20 percent oxygen 
and 80 percent nitrogen, and exerts a pressure of 14.4 pounds per 
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square inch. Of this pressure, 20 percent or 2.88 pounds is exerted 
by the oxygen and 80 percent or 11.52 pounds by the nitrogen. 
Butane at a temperature of 69 degrees F. condenses at 33 pounds 
per square inch in pressure. In a mixture of equal parts of methane, 
which is non-condensible, and butane at 59 degrees and under a 
pressure of S3 pounds per square inch each would be under a pres- 
sure of 16|i^ pounds. Since 33 pounds is needed to condense butane 
no liquid would be obtained. However, increase the pressure of the 
mixture to 66 pounds per square inch each part would be under a 
pressure of S3 pounds and the butane would condense. Following 
out this reasoning a mixture containing 10 per cent butane would 
require a pressure of 330 pounds per square inch to condense the 
butane. And since the partial pressure acting on the remainder 
would become less as a portion condensed, it would be impossible 
to liquify all the butane present under pressures economically possi- 
ble in ordinary plant operation. 

Cases have arisen where plant production was materially de- 
creased by the addition of a dry gas, or one containing few conden- 
sable vapors. In one instance the production dropped to almost 
nothing, returning to normal when the dry gas was shut out. The 
explanation is found in the law stated above. The added noncon- 
densable vapors decreased the partial pressure acting on the gaso- 
line factions to a point below that necessary for condensation. Con- 
sequently they passed through the cycle as gas and were lost. 

Absorption Process. 

The absorption process is used principally to treat natural gas 
as it is transported in large quantities from the gas fields by pipe- 
lines for domestic and manufacturing purposes. The process is 
similar to that' used in a by-product coke plant for the extraction of 
light oil from which benzine and toluene are made, from the gas 
produced by distillation of coal. The principal difference in the 
two processes is that the natural gas is generally treated under 
high pressure (owing to transportation requirements) while the 
coal gas is treated under comparatively low pressures. 

The following paragraphs will be devoted to a brief description 
of the absorption process, with particular reference to the handling 
of the natural gas, the absorbent oil and the gasoline vqpors. 

The absorbers are usually arranged in parallel, on a by-pass from 
the main gas line, so that the full amount of gas is equally divided 
and passed through any number of absorbers. The gas enters near 
the bottom of the absorber, which is made in various sizes and de< 
signs, usually about thirty inches in diameter and thirty to forty feet 
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in height. The g&s is taken out near the top of the absorbers' and 
brought again in the outlet gaa header. 

The oil is pumped into the absorbers near the top and just be- 
low the gas outlet. The oil then falls down through the absorber 
counter-current to the flow of gas, over loose porous baffle material 
such as chemical tile, metal shearlings, or wood lattice. The object 
of the baffle is to spread the down flowing oil in thin Alms, and 
present the most inUmate and thorough contact possible with the 
upward flowing gas. It is during this contact that the gasoline va- 
pors are absorbed from the gas by thie absorbent oil. The enriched 
or treated oil collects in the bottom of the absorber and is then auto- 
matically trapped to the weathering tank under reduced pressure. 

The weaUiering tank is usually a cylindrical tank of about 5,000 
gallons capacity, the function of which is to free the enriched oil 
from non-condensable gases, such as methane and ethane, most of 
which comes from the absorbers mechanically mixed with the oil. 
This gas is usually carried away under about two pounds pressure 
and used for fuel under the boilers. The weathering tank also serves 
as a water separator to collect any salt water which may be carried 
over from the gas line, and also water which becomes mixed with 
the oil in the process of distilling. 

From the weathering tank the oil is picked up by the low pres- 
sure pumps, which force it through a heat interchanger and into 
the top of a regenerator tower, both of which will be described at a 
later point. 

The oil gravitates from the regenerator tower into the still 
which is really nothing more than a tank, usually of about twelve 
thousand gallons capacity. It is equipped with steam pipes for intro- 
ducing either live or exhaust steam, directly or indirectly or both, 
for the purposes of heating the absorbent oil to the temperature at 
which the gasoline vapors are given off. The stills are usually carried 
at about 212 degrees F, and under a pressure of one to three pounds. 
Usually the exhaust steam from the oil pumps and compressor is suf- 
ficient for treating purposes in the still. The still is equipped with 
baffle walls, so placed that the enriched oil which enters at one 
end, is almost entirely freed of its gasoline content by the time it 
flows to the opposite end, where it is removed by the high pressure 
pump suction. 

The high pressure pumps discharge the hot oil through the heat 
interchanger, counter-current to the cold enriched oil which is coming 
from the absorbers to the still. 

The interchanger is made in various designs, usually a series 
of small pipes or tubes which carry the cold oil, surrounded by an 
outer shell which carries the hot oil. The heat interchange takes 
place through the walls of the smaller inside tubes. The inter- 
changer is primarily a heat saving device, and as such, the average 
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gasoline plant interchanger effects a saving of from twenty to thirty 
percent of the total boiler horsepower of the plant. It also acts 
as a cooling device for the outgoing hot oil, which for efficient op- 
eration must be cooled to about 80 degrees F. before it is again 
introduced into the absorbers. The necessary cooling, which is 
not accomplished in the interchanger, is later done by water cooled 
coils. It may *be roughly stated that if no interchanger is used for 
coaling the oil, that about twice as much cooling surface in the 
oil-cooling coils must be provided, to bring the oil down to the nec- 
essary low temperature. 

After leaving the interchanger, the oil passes to the oil cooling 
coils, which are usually made of two-inch pipe connected in par- 
allel and placed in an aerial cooling tower. The tower is so de- 
signed that the water falls over the coils in fine drops, or spray. A 
double cooling effect is produced, first by the actual contact of the 
cold water and hot pipes, and secondly, by the evaporation which 
takes place as the thin film of water passes over the hot pipes. 

The oil cycle is completed when the oil leaves the oil-cooling 
coils and enters the absorbers again, the same absorbent oil being 
used over and over again with small loss. 

.The gasoline vapor cycle begins with the still, where a mixture 
of water vapor, gasoline vapor, and a small amount of mineral seal 
oil passes from the still and enters the regenerator tower near the 
bottom. The regenerator tower is very similar in design to an ab- 
sorber, except that it is usually not over twenty-five feet in height 
and is set at such an elevation that oil will gravitate from its base 
into the still. The enriched or incoming oil is introduced near the 
top and flows downward over the baifle material in the opposite di- 
rection to the flow of vapors which are taken off near the top. 

The regenerator tower performs several functions. The hot 
vapors coming in contact with the enriched oil extracts some of the 
gasoline from it while passing through the tower. There is also an 
interchange of heat between the vapor and the enriched oil, which 
is beneficial to both. Also considerable water vapor is condensed 
which flows back into the still and is drained off through the 
water drain. 

After leaving the regenerator tower the vapors enter the aux- 
iliary condenser or knock out box, where the vapors are cooled to 
170 degrees to 180 degrees P. by means of coils submerged in water, 
or by spraying cold water directly into the vapor. At this temper- 
ature practically all of the mineral seal oil is condensed and most of 
the water vapor, which is then trapped off through an oil and 
water separator. 

The vapor then passes to the main condenser box, where the 
gas is passed through coils submerged in water, and the temper- 
ature of the vapor lowered to a point where the gasoline vapor 
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condenses. The amount of gasoline condensed in t}ie main con- 
denser depends upon the size and design of the coils and the tern- 
perature of the water available for cooling purposes. 

The remaining gasoline vapor is then passed through a set of 
vai>or cooling coils, usually two-inch pipe arranged in parallel, and 
placed either in the same aerial cooling tower as the oil coils, or in 
a separate one. In some plant designs the aerial cooling coils are 
omitted and all of the condensation accomplished in the main con- 
denser box, but this is only advisable where an unlimited supply of 
cold water is available. The more common practice, especially 
where the water supply is limited, is to omit the main condenser 
box and do all of the vapor cooling in the water sprayed coils in the 
aerial cooling tower. TTiis is undoubtedly the moat efficient inethod 
of cooling. 

From the main condenser box and the water sprayed coils, the 
condenser gasoline along with the remaining uncondensed gasoline 
vapor is gravitated to the look boxes in the receiving or tail house. 
From the look box the gasoline, called the straight absorption prod- 
uct, is gravitated or pumped to storage. 

Just as the gasoline is entering the took boxes the remaining 
gasoline vapors are collected in a tail-gas header, from which the 
suction to a compressor ia taken. The remaining vapors are the 
higher hydro-carbons, which are not condensable at 70 degrees to 
80 degrees F, atmospheric pressure. This vapor, however, when 
passed through the compressor and discharged at from one hun- 
dred to one hundred and fifty pounds pressure and again passed 
througii water sprayed coils, is almost entirely condensed. This 
condensate with the remaining gasoline vapors are then piped into 
the bottom of the naphtha blending tower. This tower is similar In 
design to the absorbers, except that it is much smaller in size, usually 
about sixteen-inch pipe and twenty feet high. Naphtha is pumped 
into the tower near the top, and in passing downward over the baf- 
fle material counter-flow to the gasoline vapors, absorbs them almost 
completely. At the top of the tower is a relief valve set at one 
hundred and fifty to two hundred pounds, which opens only when 
the tower becomes filled with vapors or air which cannot be ab- 
sorbed in naptha. Ordinarily this valve pops off only a few min- 
utes during the day as all of the gasoline vapors which were origin- 
ally absorbed by mineral seal oil are readily absorbed by naphtha. 

The blended mixture, the gravity of which is controlled by the 
amount of naphtha used, collects in the bottom of the tower and is 
then trapped to storage, and is known as the blended or compres- 
sion product. 
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The process may be summarized as follows: The g&a is in- 
troduced into an absorber or scrubber where it is brought Into con- 
tact with a mineral oil having a high boiling range. As the gas 
passes through the oil the gasoline vapors are absorbed from it by 
the oil. The oil is then pumped into a receiving tank and from here 
it is taken into a still carried at an approximate temperature of 
212 degrees F. The temperature should be sufficient to release the 
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gasoline vapors from the oil, but not high enough to distill any of 
the absorbing oil over with the gasoline vapors. The vapors are 
conducted through pipe coils cooled by water at a temperature which 
causes the condensation of the vapors into a liquid. Vapors that 
do not condense here are subjected to a process very similar to the 
compression process described in thit> article. After the gasoline 
vapors are driven from the oil by the heat maintained in the still, 
the denuded hot oil then passes iJirough a het'.t exchanger where it 
gives off some of its beat to the incoming oil to the still, and then 
passed through the cooling coils and is then ready to be passed 
through the absorbers again. The process is continuous, the same 
oil being used repeatedly. 

The flow sheet for an absorption-type gasoline plant is shown - 
in fig. 7. 

The absorption gasoline plant has been a great assistance to gas 
companies, not only from the profit which may be made by the sale 
of the gasoline extracted, but also from the better condition of the 
pipelines resulting from the extraction of gasoline and water vapors 
Large gas lines frequently have at each joint a coupler with rubber 
gaskets. Gasoline deteriorates the rubber very quickly. The result- 
ing increase in the life of the rubber gasket has cut duwn pipeline 
repairs, saved gas and also service interruption. The extraction of 
water vapors has also cut down the freezing to a minimum in thf 
winter time. 

The United States Bureau of Mines have devoted a great deal of 
study to the production of natural-gas gasoline, and have issued 
several bulletins and technical papers on the subject. For reference 
see the following publications of that bureau : 

Bulletin 120. Extraction of Gasoline from Natural Gas by Ab- 
sorption Methods. 

Bulletin 161. Recovery of Gasoline from Natural-Gas by Com- 
pression and refrigeration. 

Technical Paper No. 10 Sequinfied Products from Natural Gas. 

Teclinical Paper No. 11 (209) Traps for Saving Gas at Oil 
Wells. 

Westcott's Hand-Book on Casinghead Gas, also gives consider- 
able information concerning the industry. 
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WELL LOGS. 

In the followinff pages are grouped well logs 
which are believed to be characteristic of the dif- 
ferent pools which have been described. No at- 
tempt has been made to correlate the formations 
shown in these logs but thejr are thought worthy 
of including since they show the depth and thick- 
ness of the producing sands and the character of 
the rocks encountered in drilling. Not all the pools 
are represented by logs but a sufficient number are 
given to represent the principal producing dis- 
tricts. 

The logs have been collected from many 
sources, many have been published previously, 
while others are published for the first time. 
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ITTB 
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AppcTidix. 

LOO or BRANT WELL No. 3— (Continued] 





Thickness 
Feet 


Depth 
reet 

SIO 

*N 
SIS 
»M 
M» 

ISO 
180 

ma 
ISO 


Fomatlon 


Tbiekneu 


Depth 

re«t 

ZIM 












SlHll knd Hate 

Bkle and mDd 

Bute 


6S 

BO 




Line _ 


IS 


2.IH1 




IM 
























































Total depth tllS 



















LOO or WELL BCITLLT No. t. SEC. II. T. : 



FormatlDD 


reel 


Depth 
reel 

110 
ISO 

no 

300 

no 

380 
480 

St£ 

08.1 
880 

IMS 


rormatloa 

8. blue eUla 


Thlckneaa 
FeM 
88 


Depth 

Feet 






1400 


i.'i'Stri'iS.::::: 


ts 


a. blue elete 


40 


B. black elite 

B. A H. white Blue 


M 

ihelhi_„_ IS 


H. wblle llBM 

8. bine elate 


:::::: » 


I4S9 


B, bine elate 


M 


B. blue aute 

8. tnj mnOj lln.e„. 
8. blue elate 


E:"i 


1010 


a. white ilate 


TO 






8. blue eUte.- 

H. whlt« Hum 


"-:: » 










■belli 10 


























B. blue aute 


80 


















H. while lime 


MS 


Totai depth tSW 









Tblckneia 
Feet 


Depth 

SO 
55 
SO 
100 

IM 

MO 
lOS 

845 
488 

813 
031 
089 

OBI 
«»S 


Sand. graj. medlun.. 


Thieknewi 
Feet 


Depll 
Feet 


Lime, light, hard 

Bhale, red. eofl - 


H 




SIste, blue un. 
















Band. gray, bard 

Lime, (hale 


8 

VS.'.'.'. 15 


Sand. g«T. eoft. 

Shale, blue, soft 

Ume. tlibt. hard 


15» 

10 


080 


Red rock, uft 

Lime, shell. (laj 


'.'.'..11 SO 


Lime, light hafd 

Shale, blue, soft 


t5 

38 


1167 












Shale, blue, sort 
















Shale, blue, soft 

Lime, dark, bird 


'.'.'.'.'.'. 15 














Lime, giar. hard 

Shale, blue, son 


10 

3 










Bhsle, blue, «)R 

Sand. gray, hard 


SB 




Shale, blue, soft 

Shalt, gray, hard 


:::::: \l 


IJJJ 
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a or PARSLEY WXLL No. I 





Tblcknen 
Teet 


Depth 
FeM 

IISS 

1«6S 
HJ! 

I3!S 

ISflO 
158R 
IfllS 
163> 
IHI 
HOT 

17M 
IJSii 

m» 

ISIO 

\s»s 

iosi 
iiJi 

2312 
2334 


Foimallon 


Feet 




Lime, UBht. bard_. 
Bbate, blue. aoR- 
Lime, llgbl, hart... 
SbaJa, irar, aott-,.. 
Lime, llfbt, hacd_. 


4« 


Shale, blue aoft 




Moe 






24ie 


Sbale, blue, soft 




tus 


Sbale. blue, wB.„ 
Lime, Ufhl, batd — 
Sbale, black, aoft — 


~~I~ M 


Sand, fiaj. soft 

Band, era J, wfl 

Sand. fray, bard 


2 

~I" 3 


2437 
14ER 

243! 


Lime, llgh', bard... 






Shale, dark, bard 


.. it 










Sbale. blue, wtl 


83 


Sbale. blue, »n 
























Sbale, blue. boK— 




Sbale, blue, soft 

Ume. gray, bard 

Shale, dark, aoft 


^ 


3e-» 
















'".7.1" isi 
















Lime, light, bard... 
Sbale, blue. aott... 


Lime, while, broken 


W 


281- 




Lime, graj, hard 


SO 




Lime. wblU. hard— 


""-"II 110 




Lime, llfbt, bud.... 


Lime, white, hard 




281- 


Sand, itray. hard... 
Lime. Itgbt, bard... 
Shale, blue, .ott-.- 


iii; I 








Shale, blue, aofl 

Sajid. gray, soft 


31 

13 


il88 

30«l 



LOG OF WELL FOWLBR No. 



. SEC. 1, T. le S., K. 4 I 



Formation 


Feet 


Depth 
Peel 

Its 
110 
188 

sen 

SIS 

SB5 

845 

T85 
800 

a£s 

875 
800 
SIS 
860 




, FeM 


Diinii 
Feet 
































State 






























Slate 












Slate 

Slate 

Blale 


IIIIIIIMI ifts 


Slate 


= 


1183 


















10 
















to 
















IS 
















le 
















s 














Lime 

Slate 


20 
















Slate - 


S 


Lime 


31) 


H«« 
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LOO OF rOWLER WXU. Mo. 1~ (Continued.) 



Foimtisn 


ThlckMH 

FMt 


ISM 
1»« 

isse 

1«B 
ISU 

wtt 
lis* 

1*54 

ie» 

UM 
li74 
lS4t 

iiet 
isso 

IMD 

leos 

IMO 


Itenuttton 


mieknew 
reet' 


Pert 
tiss 
























































































Mas 

UTS 

tarn 

2135 


sute 


ts 


SUM 





41 


Lima 


HUM 




M 


























Um 


4S 


Bute 




. .. 4S 


t4SS 


Bbnla 


M 


8«Ml 












Sand (oil) 

Bud (oU) 

Sand, (oil) 

• A lood ibowlnc 


:E i 





























-, OF KENN'BDY WELL. 8£r. i 



Foraitloo 


ThlC»Il*i8 


Dwth 
Feel 

108 
HO 
148 

110 

!30 

800 

SIS 

3M 

4as 

4SS 

000 

MS 
TOO 

I4S 

:to 

780 
805 
81S 

075 

ma 


FormaUon 

Llnw 


Thlcknew 
Peet 

im 

- IITS 


l>epch 
Feet 










108 














Lime 


148 


flUte 

Lima 




11(0 

ISOO 


1300 












Lime 
Sbele 

Shale 

Shale 


::::::::::::: 


iseo 

14« 




Shile •rut* 


m 


I4T0 




3«g 




































--- - jw 












Lime 




1140 












SM 






















aos 












Lime 




»»s 






no 






Lime 
Sand 


::::::"::: :: 


MTS 

MIO 




















Lima 
Blate, 
Lln», 
BUU. 


white 


SMI 




Llnw ._. 


82» 

BOS 




























1418 













Lime, 
sute. 
Line. 

•Jlale. 


crar 


MSS 




















Lime 


bUck ... .- 


!48S 


t.iao 
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KOWATA DISTRICT. 

Coodr*! Blnn-Allims Poal^Far Iha Alluwe portlaa of the PooL 

LOQ or WILL HAIORA S. CABXT No. 4, IN 8K. tt, T. » N., R. IT E. 



Soil 




Thleknui 


IXVth 
taet 

IS 

SE 

m 

TO 
88 
IM 


»„..».. 


Ihlckne** 
Tttt 


Ihipth 

in 




abM\t 


tu 







SO 




Bi£r — 


8bM.lO , 




Lima 





t 






















~ " 



























For the Coody'i Bluff ponloa of II 
lOG OF WELL No. 1. IN SBC. 13, T. I 



N.. R. It E. 



BoU 


fMt 


1S8 
146 
IM 
100 




Tblckufit 
Feet 


Depth 
Feet 






LIfbt ihale 


— -, 30 


tt» 




18 






U«M ilul> 

Oil und - 

Duk stul* 


tit 

« 










D»rt shale 


4 


ui 



LOG OF WRLL RILL. N. E. OF ALLISON PUHP HOtlBB. BEC. 14, T. tS S 



Forauttlon 


reel 


Depth 
Feet 
SS 
IK 

tss 




Thlcknef.. 


Deplh 


eiuile 


ITJ 


Lime 

Shale 


: le 

to 


tt8 








Lime 


— 50 


810 



N.. R. IS E. 





Thl<*n.H 
Feat 


Deptb 
real 

10 

as 

M 
135 

340 
SSO 
340 
380 




Fef> 


Depth 
Feet 

SIO 




















4JT 


BIbA alate ._ 
























WhIM ihile 


SS 




Black shale 


5 




Whllx ihsle 


» 








Band 


Shale, banded 


Ifll 


Ilfl 

Tie 

T41 

753 






Slac, 


s 






Li™- 


40 


Shale 


5 
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LOO OF WELL UAHY UETRBR No. 1. BEC. IS, T. » f 







bepth 
FMt 
8S 

1S5 

1T5 

sss 

4*0 


FonuUdD 


Fwt 


Feet 




15 




80 


4M 




15 


LlmuUfflt 


e 


48« 






Bund 


3S 




M 

SS 




aiule 


asrid 


to 


B53 




OH saod 


11 


TTl 



LOO OF WELL BENBI 



FormMloD 




Thicknni 

FMt 


Depth 
Fern 
K 

ISO 

310 
SIR 
8S8 


7o™..,™ 


Feet 


Depth 
Feel 
SS8 
SSO 


















Shile 


- SO 




MDd 


SO 














Gal UDd 

Oil uad 


40 




Ume ... 




40 


TM 





Feel 


beplh 
Feet 

3S 
S« 
WO 

3»S 

410 
IBS 

510 


rormi 
Lime 
Lime 


tlon 


Tblcknei^ 

Feet 


UeptI, 
Feel 


















10 






SOS 


Butd 












Shale 
























































Dark 

tdiht 

Mil.. 


'^» 


100 

lOO 
















LIm. 


SS 


lime 


e 


1110 



BARTLESVILLE DISTBICT. 

Canary Pool. 
LOG OF WBLL EMMA WELCH No. 1, SEC 19, T 



FonnatiOD 


- Tbicknea. 
Feet 


Depth 
Feet 

BTO 


,.„.,». 


Thleknesi 
Feet 


Depth 
Feet 























LOG OF WELL JAKE HILL So. 1, SEC. 8j, T. !B ? 
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Oil and Gas in the MidrContinent Field*. 

LOO OF WELL WILLUH UlLLEK So. t, NE. %, 8XC. 1. T. U It., K. 13 B. 





ThlOiwn 


IMptb 




TUckBUi 


D«pth 




VMt 


FmI 


rcriKitloB 


re«t 


9ttt 




u 


le 


StDi] and ihkle . 










IS 


















aiial* 










- « 


H( 


LlnMtont 


s 


g40 






at 

ITS 










» 








Shale 


nm ibow ot oU._ 




lUl 



Dewey -Bartlmllle Pool 
LOG OF WELL ALBKBT WmTETURKET No. I. SEC. 18, T. M N.. 



Bluto 


Feet 
S» 


Dtptb 

84 
<M- 

ltd 

69* 
«S4 

son 

87- 




Thkknna 
Feet 


Deplb 


Llnw (Dgmrl 








L1m« <L>nH»h) .... 


Suid and abale. 


Ub 


i 


8*nd »nd ih»le 




Shala 


30 


Sud and (mi* 

Oiirwo lima 


IM 
7S 




- SO 


UI» 



LOG OF WELL »INNIB OBAGE ? 



K T. n N.. R. 13 E. 





Tbiekneu 

30 

'S.'.'-'-'.'- IBO 


Deplh 
. Feet 

MS 

S«« 
MO 

TS* 

its 

8t0 

87.1 


p.™,.. 


Thidmea 
Feet 


Feet 
















1Q«0 




auie 


»I 


SUte 


tss 


im 






M 


13 rs 










1380 






Slate 




I4:i 








SUte ... -.- -. 


15 


Ul»l»lppl llm* .... 




14T8 



Equlirel Poo). 
LOn OF WELL LIZZIE SUNDAY No. 4, SEC. 7, T. : 





ThlPkneM 


Depth 

Feet 

IS 
US 
£50 
SSO 


Formation 


Tblcknen 
Feet 


Depth 














- 40 


















US 
















HOD 


BUck abate 


soo 

- 100 




Hj 


Shale 

B'c llneatone -J-- 


O'l St ms. 


n 


lies 
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LOG or W£LL NAXCi H'ATTIE, SEC 





TUcfcuu 
Fmi 


Dopth 

5 

H 

1» 


ramullDD 


Thlckaeu 
WtH 


Depth 






Shil. 


M 

1» 


















30 












S« 


74- 



ForiMUon 


ThleltuHi 


DNXb 

FMt 

40 

SO 

-OH 

SOO 
SOB 




TUcknu) 
PmI 


Fe« 


CU» 


« 


Blul> 


iss 


m 




46 








Ihnd 

ghalt 








8ll«l» 

Urn* 


4 

8 


TIS 


Bhala 


80 




Bhil« 


"1 










LItP. 


it 


Bha:* 


i: 


lo-d 



LOG or WELL \ 



TULSA DIBTBICT. 
Bird CfMk— nit Bock "'>! 
LA B. THOMAS No. 1. SEC. T, T. t« N.. 



PonntUon 

Sou 


TUekneu 
Feet 
M 


I>«P.ll 
Feet 
10 

SO 

u* 

100 
MO 

EOS 
SOO 

436 
(SO 

6S0 

ass 

70S 

81S 

enn 


S*Dd and ehelle 


. F«rt 


Feet 

000 


Shell. 


S 

«o 




5 


Ml 


Slate, white 






Slate, blue 










lis 










SUM 


60 














ehelli 


B 
























Sand, .later 


30 










Siuie 


- 10 


SUte -— 


10 














Line 

Shal* 


85 


8*^ '.X"' 


" 


3SS 
















T.1 















I. T. !1 N,. H. 1 





Thickneu 
Feel 


Depth 
Feet 
14 

ITi 
400 

Oil 


FinnalloD 


Feat 


DfPlh 
Feet 

loss 


Lime, gtlitr 

Lime (biV"-I"" 


.— H 

_ Ml 


Lime ". 


- 111 


si«i« — - 






"" " ^" 


Shale - - 


55 


8«nd, oil ___ 


13 


IISB 
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ronMUos 


TMetMn 


r»et 

14 
35 

MO 

no 

500 


»r»,„ 


FMt 


Mirtb 
Foil 










eii 

HI 


U~ (Wf ) 


IM 












» 






81>te 


Buu, biMk 


15 


SOI 



SAPULPA DIBTRICT. 
Olcan Pool. 
UW OP WELL L1ZZI8 C08EK No. 13, BEC. IS, T, IT N.. 



ronuthm 
Boll 


FMt 


Mplb 
F«l 
11 

100 
IM 
Hi 

MO 

TOS 
MO 


Foraullon . 


ThlcknKH 
FhI 


D.p>h 
F«t 

m 

01.1 


IIIiU 




m 












«>Hl 

Sh.l« 


1» 








tsi 




























WWW Bhalt 


n 




Uhm 


(OtwwoM - 


95 

lis 




Oil WDd (flltni) "I 


M 
SI 


4a« 

4*1 



LOG OF WELL ALVIN G. LAND, BEC. 1. T. 18 N.. R. 11 E. 



Frrnutlon 


Ttalckiwu 
Feci 

-_ »80 


Dept:i 
Fert 

MO 
MS 
200 
300 
380 
400 
TOO 

8(0 

»1S 




ThlcklMM 


rr 


fih.1* — 
























ShiU 




110 














\» 


















SluH 


no 


Bli«l« 




4M 






Band _ 


1» 




RHUd 




IM 



1.1)00,000 cubic fMt 



OKMULCEE DIBTBICT. 
MoiTl* Pool. 
WELL IN UORRIB FIELD. SW. U BEC. 5, T. 13 > 



Fomutlon 


F«t 


Depth 
Feet 

IS 

M 
115 
13T 

31.. 
411 

43: 

«g7 


Forma lion 




Feel 
8S 

80 
100 

1> 
'm 


Depl-. 


8btl« 


- \ 






Sand 




901 


Bbdt 


100 


Band 
















im 


Bind and ihalE .... 


II..I". IB 


?f°r 




Lime 




oil) 


i:oj 


Bund - 


It 


Band and Um» »1 


h shorn, of 01 


1778 
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LOO OF WELL ALXX. PREBTON No. 1, SEC. 11. T. 1 



FonraUon 




bepib ' 

FMt 

IS 

lU 

»s 

5U 
SSS 

U9 
MI 

no 

T6S 
Ul 

>» 
Ml 


Form. 

Wblu 
Blmck 

Wblle 


alate 

IMd „ 

■Uu 


^Uekuai. 

F#at 

11'.'.'.'.'. MO 
1J« 


Faet 


B11.1IT 

wbiu 




IM 


loia 


Wblla 




IM 


atata - 


les 


lUO 


WhHa 


.Kt. 


119 


SiDd 


alata „ 

oU and (u) .. 


::::::: m 


ISW 


Wbitt 


•"•• 






WUM 
Black 


■lata 


"s 


ITH 












III! 


8S 

*5 


™' " 














I9M 




Gts ai 
Oil a> 






Blld 


nd _ 


- » 


t038 



TIgtr FUta Pcwl. 
3 OF WELL FERBTUAN No. I, 8EC. U. T. IS N., R. II I 



FonuUm 

BdII 

Sand 


Thieknaaa 
Fan 

140 


Dapth 
Faat 

lis 

ISO 
MS 

1S« 

ISO 

8SS 

MS 
IMfl 

im 

IMO 


SlalB — - 


Thieknaaa 
Feat 
80 


Ihipth 

r«t 

1(15 

IHS 


^^ 


10 


Blata 

Band 

BIfcle 


M 

"'ir-II^^I IBS 














SUM 


MO 






mo 




















SUM 


n 
















M 

« 

173 








Kina 












M70 

tieo 


Band 


Sand 


IS 



. XU8K0GBE DISTRICT. 
I OF WELL IN OLD TOWNSITE FIELD. MU8K0GBE POOL. 



Fonnillon 

Soil 


F«t 


Diplb 
Feel 

IS 

IS 

110 
»0 
4S0 

480 

BOO 
740 


Foraallan 

Sbale 


TUebwjB 
Faat 


k;" 


CUj and nsTal 


!S 


Bh"l '"" ""^ 




788 

8es 


Sbale 


'.'.'.'.v.. 10 
'.'.'.'.'.'. ISO 
'.'.'.'... 40 
























Sbala and aballa 

Band - — 


BUd ahala and llnetlon 




«>0 




























Sand and Una 


10 


Band ahale _.__ 


— - IS 


1100 



1 lie reel and quit n 



a full Bow of aall watei. 
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LOG or WELL BABAB FEBKIUAN No. 



I. T. 14 N.. R. 18 E 





TWckB-a. 
310 


D*Hh 
tett 

Sit 
uo 

48S 

T40 

MS 
8S0 

1«6 

1130 




Thkknan 

rMt 










15? 




ISO 










S15 






?VJ^ 


as 


























Broken und 


-— M 






















^f^ 


24 

S 




Llm«. lurt 


^ IS 


M- 
















PTid 


1« 











Bed ^1* 


reel 


Depth 

jMt 

180 

140 

40P 
4S& 

S34 

i 


r.™.a.. 


Feet 


[>epih 
Feet 
7tfl 






Bl.ck (bale 

BUekilnte 

BImck sl«« - 


IM 

1( 

101 


R«l almle 




82* 


R«l »h»le - 


m 


QIC 
SIS 


Red Sh.le V-V. 


10 


m' 
















mI 




5 


SMond on ■end 


10 



OF WELL AT BLACKBURS'. 



Forfnttlon 

Clij. reUow, »ofl 10 

Mud. rtd, lott — 10 

Lime, black, hard H 

ShtJe. blue, win IS 

Send, white, matt (water) IS 

Mud, red, ton 10 

Lime, while, bard S 

Bed Rock, aoft — — Si 

Snnd. while, soft (water) IS 

Shale, white, soft • 

Lime, white, herd 80 

Red rock, fott — SO 

Shale, blue, aoft 40 

Lime, while, hard — 4 



Siind. white, «oft _ — 

Shale, blue, aoft 1 

Sand, white, bard (little aalt 

Shale, while, aoft -— - ' 

Sojid, white, aolt (hole full of 

water at SSO feet) .__ I 

Bhale, white, aofi .— i 

Bed rock, lOH 



Thlckneu Depth 



.Sand, white, aon (iraler) 

Sh-le, while, »ort _ _ 

Bed rock, aoft 

Sand, white.' hard (llltle watw) 

Bh»l*, white, aoft 

Sand, while, hard 

Bed rock, aofl 

Sand, while, hard (little wale ) 

SbaJe, while, soft 

Bed. took, aoft . 






B. eon (llllle w 



Sand, white, hard (bole full of 

water al 1085 feel) 1 

Bhale, blue, aofl ' 

Lime, white, hard _ -. . ; 

L'me, white, hard 

Shale, while, hard 

Sand, white, hard 
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3 OF BLACKBURN WILL— (Continued.) 



FDimallon 


Thlckn*i« 
Feat 


Ueplb 
Feat 

ISM 

lau 

ms 
»ss 

18M 
ItMS 
IMS 

»so 
»ss 

Mm 

IttI 

III3 


Fomatlon 


Th 


lekneM 
F»t 

S< 

s 

3» 

a 
t» 

30 

M 
81 

< 

114 


Depth 
Feet 

itM 






Uioa, while, bant 






tar at 












Shala, white, aoft 

Sand, white, aolt (gai 
feet; bole full e( w 


ter al 


»S»5 

»3»5 
14W 


ShKl*. black, ufl 

Sand, White, bud 


KB 




""."" 10 
























14M 




l.'.'.'.'. 140 






Shala, black, aoft 

Lime, while, hard 


Shale, black, wR 

Lime, pink, hard 




t4S4 

tsea 

tsto 
an 
fit 

Meg 

ITll 
UM 






Lime. »bUe. hnrd 

Shale. Mack, utt 


:::::: 














Lime, while, bard 


Lima, hard, jray 






rUSHINO DlSTHlOr, 
Cuahlai PdsI. 
WELL SU8A.\NA DACON, SEC. 16. T. 1 



Thlckneai Depth 




Slate 

Sand 

Slate 

Sand 

Slate 

Red- radii-. 

Red rock.. 
SUte 

SlBd 
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LOO OF WKLL KNOWLES No. 





^1T 


DWUl 

1T« 
- U.I 

1M« 
IStl 

IMS 


Fonnillim 

Bandy lima 

ffrown glule 


ThlekBHi 
-— M 


Dcptb 
F«t 


Band (ult mWr) 




IIM 

»I40 








M 






41 


»» 








a>iid; lime 


60 

tl 

M 














Bind — 


BUck lUU 

Lime 

Wnw 


- IM 

IS 


1560 


Black iMte 


M 


IBM 
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REFINERIES 

The following lists give the locations, capaci- 
ties and operating companies of the refineries in 
Kansas, Oklahoma, Texas and liOuisiana together 
with the source and gravity of the erodes which 
are refined. 



KANSAS REPINSKlEa OPERATING ON CKUDE FB 
TEAR 
NAME AND LOCATION OP COHPANT BUILT 

AuEUSta Reflnlnc Companr, AuduU IRIT 

Bllu Ml A Renntni Compin;. AusuiU 181B 

Commonwiillh Rsnalnc Compiny. UontD 1005 

El Dando BtflnLni Compinj, El Itando IBID 

E«n»-Thwl« Compiny, WlchlU. 1»I7 

ETidB-Tliwlt Compin}. KansM Cltr . 111! 

Golden Bole Kannlni Company. WteUU ]>17 

Reflnlni Compinr, Krla IROS 

Inlng CompuiT. HutchLngon ISIS 

KinoUx ReflDltifl Cooipany, ArlMDUS City ISII 

Kuius Co-Opontlre Company, Chuute - 19(6 

Lnh Ranninc Company, Aikanua City 1814 

Udtand KeriDlitc Company. El Dondo 19IT 

Raniai Oil A Renninn CompBay. Corfeyillla 1»M 

Nortb American R«flniD« Compaoy, Boaedilt IBIS 

WbIM E«<lg RetlnliK ConH»ay. AupiiU IVlfl 

Wichita Indepradaot Bannlnt Company, WIchlta__ 1818 

Weatem Riflnint Company, Wichita ISIB 

0. K. Banning Company, Nloiaw leos 

TrairahiwMTi Rsnalng Company, 11 Dorado WIT 

St. Louli ReflBlnf Company, Ei Dorado 191T 



I INDIVIDUAL ITEUM (Ans, IftlS) 



PRESENT 






CAPACITY 


OP CRUDE 


ORAVITT 


soon 


AnsnaU 




ISSi 




31-18 


5*8 


Uoran 


M-M 


»S8 


Eldorado 


S4-!« 


35SI 




M-se 


S50* 


■MOTKk. 


34-S8 


B8S 




u- 




Shut down 




liHIO 


Eldando 


M-S8 


S08 


BUekwall 


m- 


I1S8 






HOD 


Blackwalt 


so- 


1880 


Eldorado 








sa 3i 


1808 


CoaWng 


40- 


sooo 


AnpiaU 


SSH 


1580 


Eldorado 


S4- 


£088 


Eldorado 


84- 




OkmalEsa 


3S-SB 




■Idorado 


S4.U 


JOB 







OTERATING ON CRUDE FROM TARIOVS FIELDS. 



Empire Rennsn'. Inde|Mndini» 

HllUksn Bafg. Co., Arkanaas City . 

National Bari. Co., CorrsyTllla 

Blnclalr O. & B. Co., Kanaaa CLt>.. 
I. Co.. Coffejflll* 



IflUsr B«fE. Co., Chan 



i( City Rarf. Co.. Kanaaa City. Ks. 

OKLAHOMA RIPINBBIBS OPEBATINS ON CRUDB PROM 

TEAR 
NAIU AND LOCATION OP COUPANT BUILT 

Aon* Ratlnlnf Co., lannlnn 19IT 

Ardmora Raflnlnt Co.. (Ohio CHI«). Ardmore ISIS 

Blghsart Bafg. * Pat. Co.. Blibeart IM8 

Boyulon BaTi. Co., BoyDtoo 1014 

Carta? <MI Co., Norton lOlS 

American Oil * Tank Llns Co., Cl«»1and 1013 



SOURCE OP CRUDE 
Wayside, Nowata. Kinau, Haaldton 
Blackw^ and Butler County 
Nowata. BanteaTille and Eanaia 
Kauiai and Oklahoma 
Kumaa and Oklahoma 
Kanaaa and Oklabom* 

Kanaaa and OklaliDnA 

Tarloiu Oklahoma Ptaldi 



FtELDB (Aug. 13, 181B) 



PRESENT 


SOUBCE 




CAPACITY 


OP CBUDK 


ORATITT 






84-38 


8000 


Haaldlon 


31 


BOO 


Oiiage 


3I-3S 


nao 




35-38 
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NAHB AND LOCATION OF COUPANT 

CDnannien Refi. Co., Cuihlng 

ContlnenUI B«fc. Co., BtMov — 

Ch«inpLon BeTi. Co., Knld 

Creecenl Refi. Co„ Newklrk 



t Kafc. Co., Allta... 



Occident Oil A Bits. Co., Cnihlng im 

Duluth Refi- Co., Sapulps 1*11 

Empire Buflnerlei, Panel CICT 1S1> 

Empire Renneclei, Oklihoma CUV- — !*<» 

Equality Refining Co., OIIIOD UU 

Great American Refi. Co., JfunlDCS— Itl? 

Hlllman Befg. Co., CuBbiEB — IftH 

Home Oir* Rafg. Co., Yale l«ll 

mlDolB Setg. Co., CuBhlng — . 181* 

Imperial RoTg. Co., AnUnore — 1117 

Inlajid Brflnlng Co., Cuahlng 1911 

International (OWo Cltleet, CiulUng HIS 

InlariUte Bsfg. Co., Dnimrlght 1»1I 

Canfleia Rerg. Co., YalB_ 1»16 

Lake Park Bofg. Co., Ponia CItj 1*17 

Mia-Cu. Oiaollno Co., Wnst Tutu 1918 

UiukogM Bafg. Co.. Muikotse HM 

Now l:ng1aDd Refg. Co., Ollton 1913 

North Amarlcaa Brfg. Co., PemaU 1B15 

Nyanza Pet. Co., Wilson - 1917 

Ollton Refg. Co., Ollton 1911 

Prodncen & Refg. Con»., Blackwell I»lfl 

Phoenii Refg. Co., Band Springs 191J 

Proceea Refining Co., CUBbIng 1917 

Sinclair Refg. L'o., Muskogee 191)5 

Stewart Refg. Co., Tulsa 1908 

Sun Oil Co., Yale 191S 

Okmulgee Prod, t Refg. Co., Okmulgee 1916 

WabaBh Refg. Co., Hominy 1911 

Tale Oil * HefB. Co.. Yale 1»1« 

Pawnee Bill Befg. Co., Yale 1917 

Superior Reanlag Co., Cotlngton 1917 

New WIlBon Refg. Co.. WUon 1917 

Globe Refg. Co., BUckwel. 191T 

Chlckasha Refg. Co.. Ardmoce 1911 

Victor Refg. Co.. 01ll«n 191T 

National Befg. Co., Cushlng iOiB 

Olllon Bafg. Co.. Ollton 1916 

Cameron Refg. Co.. Ra>ldlon_._ 1911 

Chlckasha Befg. Co.. Ardmore 1917 



SOURCE 




F CRUDE 


GRAVITY 


CuaUng 






to 






Uerrlne and 




Blackwell 




Allen 


32 


Quay 


3(-SS 


Sapolpa 


34-38 




at-3e 


BlUtngB 


a 


Shut down 






a-M 




3<-se 




U-3fi 


Qua; 


si-ss 


Hesldton 




CuBhIng 


4* 


CUBhlng 






34-38 


quay 




Blackwell 


39 


BllllngB 






34-39 


Cushlng 




Cuahlng 


40 












39 


Cnahlng 


4« 


CuBhIng 




UUBkogee 


34-39 


Quai' 


34-36 


Okmulgee 




Shut don 1 






14-36 


QUij 


S4-S< 


Oarbar 


43-47 


Healdton 


31 




t* 


Haaldtan 




quay 


t4-3« 



REFlNERtBS RUNNING ON CBUDB 7R0M TABIOUS FIELDS 

NAMB AND LOCATION TEAR PRESENT SOURCE OF CRUDE 

OF COMPANY BUILT CAPACITY 

CouBtBullna Refg. Co.. Tulsa 1911 lOOOO Cuihing. Okmulgee, Bojnton 

Cosden A Co., Tulsi 19II 39060 Okmulgee. Glenn Pool. Cnahlng, Kanaaa 

Zmplre Refineries, Okmulgee 1907 iOBO Okmulgee and Kansas 

Empire Refineries (E plsnta) Cushlng 1912 4000 Bllllnge and Kansas 

Pierce Oil Corp., Sand Bptlngi 1913 10009 Kanaas. Cushlng, Okmulgee, Olenn Pool 

Roianaa Pet, Co., Cushlng 1914 106119 Hesldton and Cushlng 

Sspulpa Befg. Co., Sapulpa 190B 7009 Okmulgee, Bspulpa and Cuahlng 

Sinclair Refg. Co.. VIniU 1910 10000 Oarber and Cashing 

Sloclilr Befg. Co., Cusbing 1614 0500 Cuahlng and. Osage 

Southern Oil Cnrp.. Yale lllli 5000 Cushlng, Osage and tlt»I 

TeiHs Co.. TulsB 1910 lOOOO Various Oklahoma fields 

Lswion Refg. Co., Lawton 1918 500 Hesldton, Oarber, Ootebo It-49 

Like Park Befg. Co., Okmulgee 1915 BOO Cushlng and Okmulgee 

Marl and Refg.. Pones 1817 lOOO Poaca and Merrlne. Arg, Gr. 39 

Pan-American Refg. Co., Tulsa 1916 JOOO Okmulgee. Cuahlng, KansaB 

Allied Refg. Ca.. Okmulgee HIT 1506 Okmulgee and Billings 

fdlahoma R«fg. Co.. Okmulgee 1910 3500 Okmulgee, Cuahlng, Rbhsbs 
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Appendix, 



TKZAS SEFINBB1E8 OPERATIKQ ON CBODE niOll INDIVIDIJAL FIELDS (July. 1918) 

TEAK PRXSENT SOURCE 

N'AUe AND LOCATION OF COMPANY BUILT CAPACITT OF CKLDE GRAVITT 

n-ldilu V>lley Refg. Co.. lowA Fufc ltI4 lOM ElMtri 40 

Panhandls Bgfs. Co., WlehllA Talli _. T41S UM Burkbunutt 3S-<a 

Pelrolsiun Baft. Co.. O4IUU Ill« IHOO Humble U-!S 

Teiu Co., Port NeebM 1»M lOMO Meilcan 11-11 

Thr»ll on Betg., Thrall 1 I81B 1000 Thrall 

Ciraon B«fE. Co., Brownwood lt\S 100 Brownwood SO 

BromHToDd Betg. Co.. Brownwood ItlS 500 Brownwood SO 

Colebo Bert. Co,, Brownwood 1(18 400 BmwnwooJ SS 

OrlenMl Befg, Co,, DUU«— . ISlt I80O North Texts SO 

Tlilg li in uphilt pUnL Topplnf! ol crude »t» plptd to Port Arthur Bt<1n«ry. 

TEXAS BKHNEBIBB OPEBATING ON CBUDB FBOH VAKIOUS FIBLDB 

NAUK A:«D location TEAB PRESENT SOURCE OF CRUDE 

OV COUFANT BUILT CAPACITY 

Avis Beflnlng Co., NMr Jaebbon... till StO Wbertier thar md obtila crude 

Emplra B«nngrln. OijdutIIIi lOlS 0001 HsildtDD tod Brownwood 

Gtitf Beflninf Co., Port Arthur 1001 GOOSO Tuloui OuU Cout, OUt. A Kaus. Fields 

Gulf Beflnlng Ci., n. north ISll SOM K4Dua and Oklabonu 

Uainolla Pet. Co., PL Worth 1B14 HOOD Healdtou, Ciihlni and North Tciis 

Mut^-'oiU Pal, Co., Conlcana ISSS 3000 Teiaa and Oktihoma 

MagnolU Pet. Co., BaanmODt ItOX 15000 Teiu, Oklahoma ai,il Louisiana 

Pleioe Vordjca, TeUB City.'- »11 SOlO Teua ud Heileo 

Pierce For^te, Ft. Worth 1911 MOO TSUB and OkUhomi 

Tens Co., Port Arthur... lOOt 15000 Teiu, OUaboma and Louisiana 

Teiaa Co., DbHu IIOS ISOOD Toiu lai Oklahoma 

BaabnaTd OH & Befg. Co.. Orange £5(t Teiu and Louisiana 

Horrman Oil ft Befg. Co., HooMon lOlT 1100 Huinhle and Goose Creek 

Humble Oil ft BeTg. Co.. San Antonio. 1913 ISOD Ban Antonio and , rth Teiu 

Humble Oil ft Berg. Co., Humble 500 North Teiai and Humble 



The following list includes the refineries listed above, together 
with those recently finished and those under construction. 

The state of Texas has forty-three refineries including nine that 
are in course of construction. Those in operation have a combined 
capacity of about 263,000 barrels of crude and the nine being con- 
structed have a total capacity of 14,200 barrels. 

The following is a list of the refineries in Texas, showing the 
year built and the capacity of each March 1, 1919. 



TEAR 
BUILT 

1008 


COUPANY 


LOCATION 


CAPAC 








The T«IM Co - 


Jlallas 




looa 


Magnolia Pet Co - 




- J° 


1808 








OuU Solg. Co 

Gull Refg. Co 


Fort Worth 


- - S3 






191S 








Humble Oil ft Befg. 


8an Antonio 


1 




Pot. Bef, Co. of ToM« 


.Jouaton 


- I 
































m- 














tsi- 


Robert Llgnon 


jei Pa»o 
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Ontnl Oil Co... 



..Wichita T>Ui . 



Oiitntal Kttg. Co.— 



■ Oil A Rsf. Co.— 

Enraka Retf. (Ur) 

Bnrkbuniitt Rttt 



Canon Oil JE B«fr.. 



leis 

IMS 

Bide. OtMl Soutberd Oil ft Bafr-- 

Bldc. Etnluid Oil ft R«r( 

Bld(. Lone SUr OU ft R«r£ 

Bide. SuOBbJna «UM Oil ft Btfa.- 
Bids. Soutbern Oil ft R«rE. Awn.. 

Bids. BeaTtr Tiller Oil ft Raff. 

BMi. Llbart; Retg. C 

Bidg, r " - 



■IstMr- 
BldR. Egeleiton ft Todd.. 



LOUISIANA RETINERIES OPBRATINO OM CRUDE FROH INDIVIDUAL rULDB, JULY 1, UK 

Yeir Prewnt Source or 

Nuna ot Compani Loatlon BullI Caiwcitj Cruda Cntitj 

AnarlMD OH Rafc. Co.... Cedar Orova ITS Caddo IS-n 

Uarlna OU ft Rrfe. Co _Cedar Qrova 1100 Caddo 18-tS 

Caddo OU ft Rafj. Co Sbtareport IMI ITM Caddo i«-M 

BhraTcport OU ft RaTs. Co. Sbraveporl 1)11 13«0 Caddo ISIS 



LOUISIANA REPINBRIE8 OPERATING ON VARIOUS CRUDES. 



Kama of Compaiw LoKitian 

Ubartr Oil ft Befg. Co --.New OrLaana 

Pelican OU ft Ben. Co Chalmotta 

Standard Oil Co.... Baton Route 

Loulilana Ral(. Co C«a Canter 

Mexican Pet. Corp .Deatraban 

rreeport ft Uel. Fuel Cmp..- Vemui 



arlaus OkU. Crudai 
Doiingaport ft 
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PIPE LINES 



The states included in the Mid-Continent fields 
are well supplied with pipe line facilities. Besides 
the smaller lines supplying local refineries, there 
are trunk lines which carry the oil to the large re- 
fineries on the Gulf Coast, on Lake Michigan, and 
on the Atlantic sea-board. 

In the following pages a very brief statement 
of the pipe lines of Kansas, Oklahoma and Texas, 
is given. The data are compDed from the Inter- 
state Commerce Commission map for Kansas, the 
State Corporation Commission map for Oklahoma 
and a pamphlet issued by the Chamber of Com- 
merce of Fort Worth for Texas. 

KANSAS. 

Th* SrlDclpal trunk plpc-lInes «f Kanui are tbMa of tb« Pnlile Plp« Lint Compi 
U» Sinclair luumts. vhlcb cnlei tbs BUM near CottByrLHg and C*iuf, *nd axtend noi 
D*M Kaiuai CItT. 

Tba Fnlrii P^M Line Company bii minii branch Unci, Including one to El [ 
Augusta, and bMlde* tbeu, tbare an mauT amftUer collactlnc and raflnery lln«a In tha «i 
of tlx BtM*. Tba Bl Dorado and Auguata flaldi aia tapped by tbclr main Unea from tba 
also baa amallar nflnary lln«>. 



Tba pipe-llnaa In Oklaboma arc cooflnad to tba saatsra pari ot tba Stata. clualarlng thickly in 
tbe Glann Sool, Cuahing Pool and Waablngton and Oaate County dlatrlcU and radiating lo Ihc aoutb. 
aoMbuM and nortbaaal. and oonnactlng vllb Iba Haaldton Pool lo tbe aoutbWML 

The greateat plpe-llna mlleaga at any ou company In OUaboma la that of tba Prairi* Plp< 
Una Company (Standard oil Intartata) wblcb «aa the flrM company In the field and wblch, fat 
aereral yaara. controlled the transporUUon and marketing conditions Id the Btite. This company baa 
a number of B-Ineh and R>lnch llnaa from tbe Olenn Pool and Cnablnt Pool, vblcb unite near 
Ramona and continue northward lo tbe Kansas line and erantuaUy lo tbe reflnerlea at Wbltlng, 
Indiana, and Bayonne, Nan Jersey. 

Another feeder to (be main llnaa la ui S-lnch line from tbe Blackmll field lo Caney, Kansaa. 
Tbe total mlleaga ot the company In OkUhoma, eiclusin of gathering llaea. la about 400 miles. 

Tba mlleaie of the Teiaa Pipe Line Company Is practically the same as that of tbe Pnlrla. 
Tbe main line ot Ihla company Is an S-Inch line whlcb eitenda oearlr aoutb from the Glenn pool lo 
Bed rlter. aoutb of Durant. There are Important feeders from the Cushlnit pool, from the poola to the 
noilb ot Tnlaa and from the Okmulgee county pools. An t-lncb line taps Ibd Beatdtoo pool and 
eileiMli ■ontbaastnard Joining the main line si Sbarman, Texas. Tlie lines of tbls eystem carry tbe oil 
soulb, supplying the Tsiaa company's refinery at Port Arthur. Taias. Tbe lotsl mllssge ot tbe com- 
pany In l^jaboma Is ai>oal 3TB miles. 

Tbe Hacnolla Pipe Line Company baa an l-lnch line from tbe Casblnf dlitiiet southwest to 
Red rlrar, south of Wsurlka and one R-lnch and two e-lnch Unas from the Healdton field. These Watt 
CDhuect wltb tbe main trunk Ihie of tbe compsny In the Petrolla district and carry the oil •Tenlually 
to tbe HignolU refinery si Beaumont, Teisa. and to tbe coast at Bablne. Tbe trunk tines In 
Oklahoma bare a length of about SSS mllea. 

Tbe Oklsboma Pipe Line Compsny bas a double trunk line from the Glenn pool district to 
IfeCurtaIn ststlon near*the soulheaatein comer of the 9tate. with feeders from the EI Dorado and 
Anguita, Kansas Fields, tbe Gushing district and rarlous pools In Okmulgee and Muskogee counties. 
The toUl mileage Is slightly above 300 miles. The terminal of the line la st Baton Rouge, La. 
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372 Oil and Gas in the Mid-Continent Fields. 

Tbt Guir Pipe Llni Compuir lad the Gulf Pipe Line CompaDy of OUibama. hita Mtettm 
ilUbtlT Im than 300 mllM of tnmk lln« Id Oklahoma. Tb* uuln Una aitaudi aairlj 100111 from 
th* Olana pool reglDi] ctouIdk Red riTec >oiilh of Hugo. This line hu Feedara from Bl Dorulo and 
AuguaM, Cuablag and tha BartlMTllla district. Tha taimlnai of tht Una la tt Part Arthnr, Tnu. 

Tha TuhoU Pipe Lloa Compinj (Dutch-Shell IntareBti) bu a S-lneb line foim HaaldloB to 
Ibe Cuahlng neld, and * m-Incb Una from Cnahlnt to tha northaut, raaehlni St Louis. Tba total 
length IB oier lit miles. 

Tlia £mpiie Pipe LLna Compani baa a line from tha El Dorado and AugueU fleldi to Quthrla 
and from Outbrie eait to Cusblna. and another Una running aaet fram Ponca City aod theo loatb to 
Cuablng. Anolbar Una of thli compacT eitanda from tba Haaldton field to a cctlnarr at Oalnanllla, 
Tsiaa, and a line fnm BiuklniraMt, Tnia, to HNOdton, la ondar «anitractlon. Tha total length of 
iba llnai alraady buiH U abont IW mllaa. 

Tha exact lengths of the trunk lines meDlloned aboT* ts glTan as followi: (Juir, 1>18>. 

Pralrla Pipe Una CoidpaDT STSJt 

Taiaa Pipe Line Company JIT.T* 

Magnolia Pipe Una Compsw U*M 

Oklahoma Plp« Line Company SU.tl 

Yarbola Pipe Una Company 16t.Tt 

Emplra Plpa Una Company 1M.S7 

-Cult Pipe Una Company 110.11 

Gulf Pipe Line Company nt Oklalwma IIS.IS 



Besides tha IIdu reported aboire. tbe Sinclair lutereBta have a conslderible iDlleaga In OkliliDnia 
d there an sneral smaller transportinf and raflnary llnaa beatdaa the itlll amalltr gathering Unea 
the fields and from the fletds t« Ibe railroads. 



The combined mileage of all Texas trunk pipe linea utlllied for tbe transportation of petrolaom 
Is approilmately 3,1IS miles, aceordlnf to data compiled hy the Beaearch and Publldty Bnieau ol 
tbe rorl north Chamber of Commerce. These figures Include all completed lines as well aa tboae 
upcm which actual conitruction Is now under wa;. or In actual contemplation. 

Tba replacamani rilua of the pipe line syatema of Texas, according to the ban estimates ayall- 
ible, Is ttOfiOOMO, which la mora than the Talna of tbe present annual Texas petrolanm oubmt. 
Tbe field sloriae capacity from which the Texas plpa lines systams sra supplied Is appnilmaMy 
lE,OtD,D0O barrels, snd Is sufficient to accommodate 50 per cent of tbe last year's oil production of 
tba Stale. 

The Stalc'a pipe lines tap 10,000.(00 acres of mapped oil lands and transport tba prodnetlon 
from orer S.OOO Texas wells, witli an annual output at neatl}- 30.000.000 bsrrels. They also conoect 
vltb a network of lines reaching Into Oklahoma. Kansas and Louisiana, tbrougb which approilmataly 
40,1100,000 barrels sddltlonsl crude petroleum are Iranaported each year. Nearly one-lhltd of the total 
output of the United States passes through Texas pipe lines. 

Tbe pipe line mileage oporated by each company snd the slie of the rarlous Texas Haas la 
as follows : 

Miles UUes HUea 



Name 


Miles 

0-ln. 




















512 



325 311S 

It win be observed that the Magnolia, Texas and flulf companies are Ihe leading pipe line con- 
I operating In Teiae, controlling oier SO per cent of the total mileage. 
The longest continuous pipe line In tbe State is the 4aO-mlle Texas company line between Port 

In addition to the trunk pipe lines there la a vast amount of smaller field lines usually knows 
wtherlng lyateiBS which are not Included In Ihe total main line mileage. Practically all com- 







Between the Red rltor and 


Its Beaumont raflnar; 


consists of a double 


8-lncb line, and while this c 


ompany'a oyslem of pipes aK 


1 supplied mainly froi 


the Wichita county 


and Oklahoma fields. It oper 


ales a greater mileage than 


any other eoiopany li 
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Appendix. 



Oolt PIM Una O 







IM milM 
<1 nUlM 

305 Dllei 
St miles 


































Mb^oHi. Petrolmun Compuir— 




SOO milts 




aiDirle S-lnch lino, Bl«tr« to Bowlt 










1S9 mll« 

10 mllee 
S5 mllee 

IS mllfi 




































B-lDCb 








870 mllee 






SB miles 
Ifl miles 

2S miles 




Batton to Soup Lalre. - - 


g-lDCh 


























lis mll» 


PnJrle Pipe Line Companj — 




3iS nllea 
IM mllBB 
















rietce Plo* Line Comoany— 








EmoLre PlDe Line Conine ot— 


S-lnch 


__,,.„.. 








' 



n temoorirlly poBtpoDed. 
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AcvnmDiHtioD of Oil ft Gas. _ „ IC 

Adalt County OkUboma .77, 78 

Adah- Pool ,- 148. 1T9 

Aflmira Shale ' (W 

Albany Fonnation . . ■ lOB 

Allen County. Kansas 128. 140, 141. 165. 159. 282 



Altn VIstn Pool 



Anderson Connty Kansas. 155, 15S 

Aneroid Barometer, Use of.'. .15 

Annona Chalk U». 277. 280 

Anticline— Defined 5 

Relation to Presence of Oil * Gas Pools 11 

Relntlon to IxKratlon of WellB 44 

Anticline Theory of Oil ft Gns. 18 

Antlers Sand 117 

Arbnckle Umeatone .'. ,90, 02 

Arbuclcle Mountain Kexlou 7«, 90, 130 

Archer Connty Texas BO. 106, 251 

ArkRdelphln Oay 120 

Arkansas Novaculite 83 

Artesia Pool 200 

Asphalt Deposits 2ft 

As a baae of t>II 11 

Atoka County Oklahoniit J>2, 230, 2S2 

Atokfi Formntton 86 



Anftusta Field 




















Bald Hill Pool 




















liamett Sand 


80 



Barometer, Aneroid. Use of 

Bartlesvllle District Well ljog».... 
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...129, 145, 180. 183, 212 



Barton Coont^ Kansas 

Basement Sands 

Basin — Defined 

Bastrop Connty Teias.... 



.98, 100. 188, 184. 136, 255. 268. 2B2 

Benton Formntlon _ 74 
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